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LIGHT INTENSITY AND TRANSPIRATION* 


BuRTON EDWARD LIVINGSTON 
(WITH ONE FIGURE) 
Introduction 

While it is well known that light intensity plays an important 
réle in the determination of water loss from plants, our knowledge 
of this matter is purely qualitative. The present paper deals 
with an attempt to find some simple means of physically determin- 
ing the intensity of solar radiation with reference to its effect on 
plant transpiration. While the results to be here brought forward 
do not possess that degree of completeness that we are wont to 
expect in the fields of physics and chemistry, yet they emphasize 
the quantitative aspect in the-study of the external factors which 
influence plants in the open, and they seem to place in the hands 
of ecologists of a quantitative turn of mind a somewhat ready means 
of approximating the physical magnitude of one of the most im- 
portant, and at the same time most baffling, of the environmental 

conditions with which they have to deal. 


The total amount of transpirational water loss from a plant, 
for any given period, may be considered as a summation of the 
effects of the evaporating power of the air and of the radiant energy 
absorbed throughout the period, modified by certain secondary 


‘ Botanical Contribution from the Johns Hopkins University, No. 21. 

* The pressing need for methods of evaluating the various external factors which 
affect plants has been emphasized in a paper read before the Botanical Society of 
America in 1908. See Plant World 12: 41-46. 1909; and Amer. Nat. 43: 369-378. 
1909. 
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effects of these conditions and by certain responses to other con- 
ditions. One secondary effect of variations in light intensity is seen 
in the opening of stomata when many plants are transferred from 
darkness to diffuse or stronger light. These openings close, or tend 
to close, in many plants when light gives place to darkness or to very 
dim light. But there seems to be no evidence for thinking that 
stomatal movement is at all marked as long as the intensity of 
illumination is above a certain minimum, about what is known 
as weak diffuse light. Of course they close with wilting under any 
light conditions (see LLoyp, Publ. 82 of the Carnegie Institution). 

Another secondary effect of high evaporation conditions, whether 
caused by direct sunlight or by dryness of the air, etc., is the 
removal of water from the leaves at a rate more rapid than its rate 
of entrance, so that the cells are plasmolyzed and general wilting 
occurs. It is probable that this effect is felt long before actual 
wilting is to be observed; whenever transpiration surpasses the 
rate of water supply to the transpiring tissues it must be supposed 
that a gradual lowering of the vapor tension of the water films 
held in the moist cellulose walls will ensue, just as a semi-dry piece 
of filter paper wifl exhibit a much lower vapor tension than a similar 
piece saturated. Long before plasmolysis occurs we should expect 
to find that the capillary menisci of the cell membranes abutting 
upon the internal atmosphere of the leaf would become more and 
more concave, and would perhaps break and retreat into the pores 
of the membrane. In the one case, the vapor tension of the water 
film, in the other their actual superficial extent should be reduced. 
It may thus come about that an increase in the evaporating power 
3f the air or of solar insolation might produce, by its very accelerat- 
ing influence, a retardation in the transpiration rate. Such a 
phenomenon is common in soils, where an increase in the rate of 
water loss above the rate of diffusion of water to the soil surface 
causes the water films to retreat into the soil and thus decreases 
the rate of water loss. It is thus that the “dust mulch” is produced, 
by which adaptation the soil seeks to reduce water loss in a dry 
time! A measurable falling off in the relative transpiration rate, 
occurring in the forenoon, when the evaporating power of the air 
and the light intensity are both still increasing in their daily march, 
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is exhibited in certain of the transpiration graphs of Publ. No. 50 
of the Carnegie Institution. These occurrences may well be due 
to the phenomenon just suggested, which may be termed incipient 
wilting. If the process were carried far enough, actual wilting 
would of course ensue. If incipient wilting be the true cause of 
this sort of fall in transpiration, without any appreciable stomatal 
closure, it should make itself manifest by a gradual fall in the 
gross water content of the leaves themselves, which should be- 
come more marked as evident wilting was approached. It is 
seen, then, that either stomatal closure or this hypothetical in- 
cipient wilting must act to decrease the equivalent evaporating 
surface of plants. By equivalent evaporating surface is here 
meant a free water surface which would evaporate the same 
amount of water as the plant, at the same place and for the same 
period. 

Since the secondary effects of variations in light intensity through 
the photosynthetic process may be safely regarded as negligible 
in the present state of our inquiry, they will not be considered here. 
We may therefore assume that (for short periods having light 
intensities continuously adequate to prevent the closure of stomata, 
and with transpiration rates and a moisture supply which do not 
produce incipient wilting) the plant is virtually to be looked upon 
as an integrating atmometer, automatically summing the various 
increments of water loss from moment to moment as these fluctuate 
in magnitude. It might therefore be expected that a physical 
atmometer exposed at the side of a plant should exhibit the same 
march of the evaporation rate as that evidenced in the transpiration 
of the plant, providing of course that suitable corrections of the 
observed rate be applied, to adequately account for any and all 
internal changes in the organism which were influential in reducing 
the effective or equivalent evaporating surface of the latter. It is 
on this general supposition that the methods used in this study are 
based. 

To keep logically and spatially within bounds, I shall here con- 
sider the effects of changes in the intensity of illumination between 
strong diffuse light and direct sunshine, thus once for all avoiding 
the question of marked stomatal movement. The stomata in my 
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experiments are supposed to be open, in the day condition, through- 
out. I shall also limit my considerations to short periods of time, 
at least to short periods in strong light, thus aiming at an avoid- 
ance of the problem of incipient wilting as above set forth. The 
former of these problems has been touched upon already (see Science 
N.S. 29:269-270. 1909), and the full consideration of it should 
make another title. The second problem, of incipient wilting, 
cannot be experimentally considered at the present time. 

The specific problem which now holds our attention is, then, 
Is it possible by any simple means to estimate quantitatively the 
various light intensities to which plants in the open are subjected 
and so to sum the effects of these as to be able approximately to 
calculate the variations in transpiration thus brought about, and 
the total transpiration for the longer period in which these varia- 
tions occur? It is obvious that the solution of such problems as 
this is of the utmost importance in establishing a basis for a scien- 
tific agriculture. Also, such problems lie at the bottom of con- 
siderations of the factors determining plant distribution, and it 
must be through their solution that ecology may at length emerge 
from the descriptive and classificational stage in which, for the 
most part, it now finds itself. The importance of our present 
inquiry is exceeded only by its difficulty. 


Apparatus and methods 

To attack the problem outlined above it was necessary to meas- 
ure the water loss from experimental plants under different light 
intensities, and to compare the various rates thus obtained with 
readings taken, for the same periods and exposures, upon whatever 
physical instruments were available for the estimation of light 
intensity. For the plants, the ordinary method of weighing potted 
and sealed specimens was resorted to. A number of different 
instruments for determining light intensity were tested. I shall 
proceed first to a discussion of these instruments. 

Since the intensity of solar radiation varies from time to time, 
even for short periods, as on a partly cloudy day, our great desider- 
atum in the present connection is an instrument or method for 
automatically obtaining an integration of this factor for a given 
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time period. One such device was available at the inception of 
this work, another was devised. 

1. The Hicks solar radio-integrator (obtainable from J. Hicks, 
Hatton Garden, London) consists of a glass vacuum chamber, the 
upper portion of which (a spherical bulb) is about half filled with 
dark-colored alcohol and exposed to the light. The alcohol vapor 
produced by the absorption of energy by the dark surface is con- 
densed in a lower bulb and collected in a still lower burette-like, grad- 
uated tube. The condenser and receiver are shaded during opera- 
tion, and readings are obtained from time to time on the amount of 
alcohol distilled into the tube. The instrument is occasionally to be 
inverted and the collected alcohol replaced in the exposed bulb, 
an operation made possible by a bent tube connection between 
the two bulbs. The rate of distillation depends of course on the 
difference between the vapor tension of the alcohol in the upper 
bulb and that obtaining in the shaded part of the apparatus. The 
shaded part nearly maintains the temperature of the surrounding 
air, while the exposed bulb tends to be warmed by the sunshine. 
Thus this instrument causes the sun’s rays to perform work in 
vaporizing alcohol and furnishes a means of measuring the work 
accomplished in terms of the amount of the liquid accumulating 
in the graduated tube. It is thus seen to be self-integrating. 

2. Various lines of experimentation had shown that the porous 
cup atmometer, a self-integrating device for estimating the evapo- 
rating power of the air (see Publ. No. 50 of the Carnegie Institu- 
tion), is measurably affected by sunshine; that, celeris paribus, 
it loses more water in direct sunlight than in shade. The differ- 
ence in rate so produced, however, is not as great as that observed 
in plants under the same varied conditions of illumination. Con- 
sidering this fact, it occurred to me that it should be possible to 
modify the porous cup in such manner as to cause it to absorb a 
greater proportion of the sun’s energy, and thus render the ratio 
of its readings in light and shade more nearly like those obtained 
from the plant. The instrument already integrates the influx of 
energy, in terms of the amount of water evaporated, and the con- 
templated alteration should involve only the coloring of the porous 
evaporating surface so as to increase its power to absorb radiant 
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energy. After numerous preliminary tests this possibility was 
achieved. 

The porous cups are now furnished in a dark-colored clay, a 
deep, grayish brown, and these cups show a marked increase in 
light-absorbing power over the ordinary white ones. 

3. Another light-absorbing cup was obtained by coating the 
white form with a thin layer of washed lampblack. Common 
lampblack is boiled in distilled water, allowed to cool and settle, 
and the water decanted as well as possible. This process is repeated 
three to five times, and furnishes a clean, insoluble, and impalpable 
black powder, in the form of an aqueous paste. The latter may be 
diluted and applied to the cups with a small brush. This applica- 
tion should be made after the cup is filled and ready for operation, 
as the absorption of water by the surface when thus arranged is 
sufficient firmly and quickly to fix the carbon layer in place, and the 
latter is never allowed to become drier than it is destined to be in 
the actual operation of the instrument. The cup cannot be handled 
by the coated surface without injury, but it is a simple matter to 
renew the coating if such injury occurs. These coated cups operate 
in essentially the same manner as the permanently colored ones. 
As used in these tests, the white, brown, and black cups were in- 
stalled on burettes, essentially as figured in Publ. No. 50 of the 
Carnegie Institution. 

4. The black bulb thermometer im vacuo (the one used was 
obtained from the Kny-Scheerer Co., New York) is essentially 
an ordinary glass-mercury thermometer, the bulb of which is 
blackened and inclosed in a thin glass vacuum bulb. It is exposed 
to the light for a short time period and the rise of the temperature 
of the bulb noted as the reading. The instrument must be shaded 
and must come to air temperature between observations. It is 
seen that the light absorbed by this instrument is made to do the 
work of expanding the mercury, the amount of expansion occurring 
in a specified time being the measure of the energy absorbed. 

The devices for light estimation thus far mentioned all depend 
upon the heating effect produced by the absorbed light. Another 
group of instruments, all following the principle of the Bunsen- 
Roscoe “‘photometer,” depend upon the chemical effect produced 
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by the absorbed rays. These instruments now make use of some 
form of photo-sensitized paper, and the reading is either the length 
of time required to produce a certain standard shade of color in 
the paper, or the depth of color produced by an exposure of a certain 
length. WHIESNER’s instrument (see his Lichtgenuss der Pflanzen) 
belongs to this class. They are not photometers in any true sense, 
but really actinometers, measuring only the actinic effect of the 
light. The paper may be modified so as to give sensitiveness in 
any part of the spectrum, but the region to which they are sensitive is 
always rather limited, and the sensitiveness is not uniform through- 
out this region. Another obstacle in their operation comes from 
the difficulty of procuring proper standard colors; a third arises 
from the fact that the comparison of the color produced with the 
standard depends to a great extent upon the observer’s judgment, 
the sensitiveness of his retina, etc. Two forms of actinometer were 
tested in this work. They were exposed to the action of the light 
till the sensitive paper attained the shade of the standard, the record 
being made in seconds. 

5. The simplest form of actinometer for our estimations is the 
Wynne exposure meter, for sale by most dealers in photographic 
goods. It is very convenient to use, the paper therefor is appar- 
ently carefully standardized, and with each package of paper is 
furnished a slip of non-fading standard color suited to that partic- 
ular lot of paper. 

6. The other instrument of this class to which we had recourse 
is the Clements actinometer, a modification of the Wiesner type 
of instrument, using any form of photographic paper which the user 
may wish. It is described by CLEMENTs in his Research methods in 
ecology. As there recommended, I used ‘‘solio”’ printing out paper, 
and made my own standard color (water colors, afterward var- 
nished), which was no easy task. As will be shown in the records 
of these tests, there is no doubt that this method is as satisfactory 
in operation as that of the Wynne, but the former is somewhat 
more difficult. I have had evidence, moreover, that the “‘solio”’ 
brand of paper is rather more apt to alter with age (at least in a 
warm climate) than the Wynne paper. 

Since all of these instruments, both thermal and actinic, depend 
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for their records upon the absorption of incident radiations, it is 
essential that the angle of incidence of the impinging light be always 
the same. But the direction of incidence of the sun’s rays is 
constantly changing throughout the day, and varies, for the same 
hour, from day to day. It is therefore necessary to consider this 
matter in the operation of any and all forms of absorbing instru- 
ments. The Hicks instrument cannot be adjusted in this regard, 
for the main absorbing surface is the meniscus of alcohol in the 
upper bulb. 

The porous cup atmometer possesses a cylindrical absorbing 
surface, modified slightly at the closed end of the cup, which latter 
part may readily be removed from operation by a suitable covering 
if desired. Iam convinced that the error involved from the curved 
end of the cup, however, is negligible in this sort of estimation. 
The form of cup used was the usual one, the modification recently 
described by TRransEAU (Bot. GAz. 49:459. 1910) would no 
doubt be as efficient for our purpose. To receive the sunlight 
always at the same angle, the cups are so placed that their long 
axis is perpendicular to the direction of light incidence at noon, 
the common plane of sun and cylinder being vertical. When so 
arranged the sun virtually rotates about the cup, its rays always 
illuminating one-half of the surface only, and falling always verti- 
cally upon a longitudinal line through the center of the lighted 
area. The position of the lighted area on the cup is constantly 
changing, but since all sides of the cup are supposedly equivalent, 
this introduces no complication. The position of the instrument 
will of course vary with the sun’s altitude, that is, with latitude and 
season, but may readily be determined from an almanac or by simple 
observation at high noon. Actual tests showed clearly that the 
vertical cup, as ordinarily used, fails to record proper intensities 
of sunshine at and about noon, for at that time only a small portion 
near the tip receives perpendicular radiation. Of course in high 
latitudes the vertical position would not introduce so great an error 
as nearer the equator, and the error in winter would be less than in 
summer. The black bulb thermometer is to be exposed in the same 
way as the cups. 

The photographic papers were always exposed by hand, so placed 
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that they received perpendicular rays from the direction of the sun 
at the time of observation. 

As to the portion of the entire radiation which is absorbed 
by these various instruments, it is possible to say very little at 
the present time. It is fairly certain that portions of all the 
various wave-lengths of light, as well as of the infra-red and ultra- 
violet, are absorbed by the thermal instruments. On the acti- 
nometers we may be as certain that little effect is produced outside 
the actinic rays. Since the heating effect is the one which we 
are interested in at present, because our inquiry deals with the 
evaporation of water from green leaves, it is obvious that on a-priori 
grounds the thermal instruments are to be regarded as the most 
reliable. The quantitative statement of this whole matter must be 
left to some future time. 

One other theoretical point may be mentioned here with refer- 
ence to the interpretation of the results obtained with these instru- 
ments. It must be borne in mind that other factors besides radia- 
tion intensity are active in the control of evaporation, both from the 
porous cup and from the plant. Thus, in the night time the evapo- 
ration rate and that of transpiration are by no means nil, while the 
readings of the instruments which do not deal with evaporation 
will vanish at that time. From this fact we may expect the differ- 
ences between two light intensities as shown by the non-evaporating 
instruments to be much greater than those shown by the evaporat- 
ing ones. The latter always record the rate without light influence 
plus that due to light, the former can show no rate without the 
influence of radiant energy. It is possible so to manipulate the 
porous cup as to obtain readings from it directly comparable to 
those from the black bulb thermometer, but this cannot be entered 
into here. 

Experimentation 

It was my good fortune to be able to spend the summer of 1910 
at the Desert Laboratory, Tucson, Arizona, under auspices of the 
Department of Botanical Research of the Carnegie Institution of 
Washington. During this period, and with the assistance of Dr. 
Wit.1aM H. Brown, now of the Michigan Agricultural College, a 
number of lines of inquiry which had been previously begun were 
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continued, the matters considered in the present paper forming 
a portion of our operations. Without the enthusiastic cooperation 
of Dr. Brown, the amount of experimentation and other work 
accomplished would have been much smaller, and the quality less 
satisfactory. 

In the three series of tests to be presented, the plants stood upon 
a table in the open, the instruments being arranged in their imme- 
diate vicinity, so that the whole group of plants and instruments 
occupied a space perhaps 40 or 50 cm. square. Reduced light 
intensities were obtained by placing over the group, at a height of 
something less than a meter above the table, a cloth screen about a 
meter square, supported by a light wood frame and four light wood 
supports at the angles. The screen was always so placed that all 
the objects of the experiment were well within the shadow; they 
never received any direct sunshine while the shade was in position. 
The burettes of the atmometers and the tube of the radiometer 
projected below the table, so that the active portion of all instru- 
meats was always at approximately the same height from the table 
(and distance below the screen) as the plant foliage. The plants 
were 10-20 cm. in height; they had been lifted from the open soil 
several weeks previously and had been carefully accustomed to 
full sunlight. All had grown appreciably since potting, were 
leafy and apparently in good condition. They were in tinned sheet 
iron cvlinders, some 8 or 10 cm. in diameter and about as high, 
which, during the experiments, were sealed by the application of 
prepared modeling clay over the soil surface and over the drainage 
openings at the base. 

The plants were weighed and the instruments read at intervals 
of one-half hour, or as nearly so as possible. Where the time 
period was greater or less than 30 minutes, the data have been 
corrected to this time period. Weighings were made in the house, 
each plant remaining out of its proper position only long enough 
for this operation. In every test, after two half-hour periods of 
sunlight, there followed two similar periods under shade, these 
being in turn followed by two more periods of sunshine. The 
black bulb thermometer was covered most of the time by a loosely 
fitting cylinder or sheath of asbestos board, open at both ends to 
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allow air circulation. When a reading was to be taken, this sheath 
was removed far enough to expose the scale, and a reading of the 
shade temperature was taken. Then the sheath was completely 
removed and the rise of temperature which took place in a single 
minute was noted. The photographic instruments were operated 
by exposure in the hand, close to the plants, a stop watch being 
used to determine the length of time needed to produce darkening 
of the sensitive paper to the degree of the standard color, a bit of 
which was attached to the case of the instrument, directly adjoining 
the exposure opening. All instruments and plants had been in 
full sunshine for an hour or more at the beginning of an experiment. 
Wind velocity was taken, and shade temperatures, but since these 
data show no relation to the resulting transpiration ratios, they need 
not be reproduced here. Throughout the tests there was always 
some air motion and never a high wind, the velocity varying from 
0.2 or 0.3 to 2.0 or 3.0 miles per hour. The temperature varied 
from about 30 to 35°C. The plants used were Physalis angulata 
L. var. Linkiana Gray, Xanthium commune .Britton, and Mar- 
tynia louisiana Mill. They will be referred to merely by the 
generic names. 


Results 


The first series of observations extended from 8:00 A.M. to 1:00 
p.M., August 9, 1910. A plant of Physalis, one of Xanthium, and 
the three porous cup atmometers (brown, black, and white) made 
up the series of objects. During the second hour the shade used 
was of white ‘‘8-ounce cotton duck”’ or tent canvas. During the 
fourth hour the shade was of a single thickness of “cheesecloth.” 
The data from this series are given in table I. 

To study, in a general way, the comparative effects of shade on 
the rates of water loss of the different objects, it is expedient to 
reduce each series of figures to relative values. We may take the 
datum for period 4 as unity in each case, and form the new series 
by dividing this datum into each of the remaining data. Graphs 
of these derived quantities are given in fig. 1, all of them passing 
through the common point (unity) at period 4. These graphs are 
thus directly comparable as to the relative heights of their ordinates 
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The periods of shade are denoted on the graphs by a broad black 
line below. 

The graphs show merely a general and qualitative agreement 
between the rates of water loss from the various objects. It is 
quite evident that the white cup fails to show nearly as great fluctua- 
tions with light and shade as do the plants. On the other hand, 
the brown and black atmometers agree fairly well with each other 


TABLE I 
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and with the plants. The Physalis plant lost an inordinate amount 
in period 6, the brown cup lost what appears as too much in period 3, 
and the behavior of the Xanthium plant in the last three periods 
is unusual; otherwise the agreement in the different ordinates is 
about what should be expected. Attention may be called to the 
general ascent of the series of three maxima for two of the instru- 
ments, showing clearly the gradual increase of the sun’s intensity 
from 8:00 A.M. to 1:00 P.M. Also, with the thinner shade neither 
of the plants and neither of the dark instruments exhibit such a fall 
in rate of water loss as they do in the denser shade. We may now 
turn to the quantitative relations shown by these series of data. 
Since the use of two different shades really constitutes two 
separate tests, we may consider the observations for the first six 
periods as. test I, and those for the last six as test II, there being 
a common period of sunshine for the two tests. If now we calculate 
the ratios of the two sun periods, respectively, in each test, to 
those of the shade period intervening, we shall obtain quantitative 
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measures of the relations which we wish to study in detail. But 
it is obvious that the first half-hour in any condition fails to give 
as clear an expression of the response to that condition as does 
the second half-hour, there usually being a more or less marked 
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lag of effect behind cause; therefore we need give attention only 
to the second period in each condition. Thus a period of 30 minutes 
is allowed to elapse after each change of conditions before use is 
made of the data obtained. This is a common method for the 
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treatment of such changes in physics as well as physiology. The 
two second half-hour periods of sunshine will be termed the first 
and second sun exposures, the second half-hour of shade giving us 
the measure for the shade exposure. All of the sun-shade ratios 
are given in table II. Examples may make the procedure of their 
derivation more evident. The first. ratio of test I for Physalis 
is 3.0+1.7, or 1.76. The second ratio for the brown atmometer 
in test Il is 4.1+2.5, or 1.64, etc. 


TABLE II 








SUN-SHADE RATIOS OF RATES OF WATER LOSS 





| Physal. Xanth. | Blk. atm. | Brn. atm. | Wht. atm. 





| 
— | 
Test I { 1st sun exp... .| 
(canvas) / 2d sun exp.... | 

| 

| 

| 


| 
1.76 sy 2.05 E02 | T.27 
3.00 | 1.88 1.90 P72 | 1.29 
Test II { ist sunexp....| 2.68 1.22 1.60 36 | - -3.35 
(cheesecloth) / 2d sun exp.....| 1.84 1.14 1.64 I I 


-43 | -52 


If both plants, were influenced alike and only by the direct 
heating of the sun’s rays, and if the instruments were affected by 
radiant energy just as were the plants, that is, per unit of surface 
exposed, then we should expect all these ratios to be equal. In 
so far as they are not equal, they signify a variation in the effect 
produced upon the two plants and upon the three instruments by 
the same alterations in light intensity. Thus, if any one of these 
instruments were used as a basis for light measurement, to predict 
the influence of light changes upon either of these plants, the instru- 
mental result must obviously be corrected. Since it is already 
clear that the two plants do not entirely agree in their sun-shade 
ratios, it will be necessary to find correction coefficients, not simply 
for each instrument, but for each instrument for each plant. From 
the sun-shade ratios of table II have been calculated the correction 
constants, by which the ratio of any instrument for any period is 
to be modified (multiplied) so as to equal the corresponding ratio 
for either plant, and these coefficients are given in table III. As an 
example of the method of derivation, the first coefficient of cor- 
rection for the black atmometer in reference to Physalis (test I) is 








1911] LIVINGSTON—LIGHT INTENSITY AND TRANSPIRATION 431 
1.76+1.62, or 1.09. Each pair of coordinate coefficients for each 
test is averaged, also, in the table. 


TABLE III 


CORRECTION COEFFICIENTS 


Brown atmom. Black atmom. White atmom. 


Physal. Xanth. 


‘ l 
Physal. Xanth. Physal. Xanth. 




















Ist sunexp...| 0.86 0.85 1.09 1.08 1.50 | 2.33 
Test I | 2d sun exp....| 1.58 0.99 1.74 1.09 1.50 | 1.46 
Average..... 32 0.92 1.42 1.09 1.50 I.go 
Ist sun exp... 1.69 °.76 1.99 0.90 I.99 ©.go 
Test II 2d sun exp....| 1.12 0.70 1.29 0.80 1.21 | 0.75 
Average .....| 1.40 0.73 1.64 0.85 | 1.60 | 0.83 

' 


The second series of observation (test III) was carried out from 
10:00 A.M. to 1:00 P.M., August 11. The shade here used was of 
two thicknesses of cheesecloth. Three plants were used, one of 
each of the forms above mentioned, but different specimens, and 
one of Martynia louisiana. Besides the three atmometers, all 
of our other instruments were operated in this series. We may 
neglect the losses for the first half-hour periods of each exposure, 
since they are not to be used in calculating the different ratios. 
The rates of loss, or in the case of non-evaporating instruments the 
averages of two readings taken at the beginning and end of the 
second half-hour of each exposure, are given in table IV, and 
the corresponding coefficients of correction in table V. There was 
almost no discrepancy shown between the first and second readings 
of the non-evaporating instruments; the conditions for the half-hour 
were sensibly constant. In the case of the two photographic papers 
the ratios are of course inverted, since the light intensity must vary 
inversely as the time required to produce the given depth of color. 

A third series (test IV) was carried out on August 12, from 10:00 
A.M. to 1:00 P.M. The plants were similar to those of test III, but 
were different individuals; the shade was of canvas, as in test I. 
For this series only the final coefficients of correction and their 
averages need be given. They may be found in table VI. 
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TABLE IV 
LOssES AND READINGS PER 30 MINUTES 
| _ eg eee, Ty * 
Test III ple lei = 1S Sila lelteale 
1&S/812igigagigaiz| 1s | és 
| 3 a ra e 3 3 oe - | i cs Hc} 
= «| > : a4 2 & S$ | & | 4 
| A A a a 3 = 4 i > | 
Ist sun exposure.....| 3.45] 3.98) 3.12] 2.9 | 3.7 | 2.2 | 3.00} 34.5] 2.4 | 6.7 
Double cheesecloth | 
SHOE ....6f6 ose sais | 2500] 3-48) 2290) 226] 250: | 2.9) | i792) eso) S75) 1-4.0 
2d sun exposure..... | 4:35] 4-05) 3-54)-3.3. | 405 | 2:7 | 2.05] 38.0) 2.251 6-5 





TABLE V 


COEFFICIENTS OF CORRECTION 





Test III 





Brown atmometer 


Black atmometer 





Physal. | Xanth. 























[ome 
| Martyn. Physal. Xanth. Martyn. 
\- | 
Ist sun exposure ...| 1.07 | 1.02 | 1.04 0.85 0.80 0.82 
2d sun exposure.... 1.19 | 0.91 | 1.03 0.87 0.67 0.76 
PWEDRIE 5: .<05:000°6, 3's 52°33] 0507 1.04 0.86 0.74 0.79 
| | 
| ee sosenitieai a 
White atmometer Integrator 
| fan Pape pong 
| Physal. | Xanth. Martyn. Physal. Xanth. Martyn. 
Ist sun exposure ...| 1.20 ae | 1.16 0.69 | 0.65 0.66 
2d sun exposure... . 1.23 0.94 1.07 0.87 | 0.67 0.76 
i | 
AVGIRIE sa sso sini es £22 1.04 1/22 0.78 | 0.66 | 0.71 
Pate a a Nhs rene te 
“Solio’’ paper Wynne paper 
| oe 
Physal. | Xanth. Martyn. Physal. Xanth. | Martyn. 
Ist sun exposure ... 0.44 | 0.41 0.42 0.52 0.50 | ae 
2d sun exposure... . 0.60 | 0.46 0.52 0.59 0.45 | 51 
| | 
AVERAGE 656.6 500054 0.52 | 0.44 0.47 0.56 0.48 | Oo: St 
SS ae an Perea ee, ee | 
| Black thermometer | 
- ] | 
Physal. Xanth. Martyn. | 
Ist sun exposure ... 0.54 0.51 0.52 
2d sun exposure... 0.70 0.53 0.60 
PWEPARC 563585452 % 0.62 0.52 0.56 | 
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TABLE VI 





COEFFICIENTS OF CORRECTION 





















































Test IV Brown atmometer Black atmometer 
Physal. Xanth. | Martyn. Physal. | Xanth. | Martyn. 
| “a 
1st sun exposure ... 1.38 1.09 | 0.99 1.38 1.09 | 0.99 
2d sun exposure....| 1.53 1.26 0.97 1.460 5.28 | 0.93 
} 
| 
AVCHGRE 5. 5 ose ss 1.46 1.18 0.98 £.42° | I.15 | 0.96 
| 
White atmometer Integrator 

Physal. Xanth. Martyn. Physal. Xanth. Martyn. 
} 

Ist sun exposure ... 1.99 | 1.58 1.43 0.43 0.34 0.31 

2d sun exposure.... 1.23 | 1.68 1.29 0.609 0.57 0.44 
} 

— coliaiiiga ee eee romnen 

|. earner 1.61 | 1.63 1.36 0.56 0.46 0.38 

| 
“Solio” paper Wynne paper 

Physal. Xanth. Martyn. Physal. Xanth Martyn. 

Ist sun exposure ...| ‘0.21 0.16 | 0.15 0.43 0.34 0.31 

2d sun exposure... . 0.25 0.21 | 0.16 0.51 0.43 0.33 

ee 0.23 0.18 0.15 0.47 ©. 39 0.32 


Black thermometer 








Physal. Xanth. Martyn. 
Ist sun exposure. ..| 0.40 0.31 ©.29 
2d sun exposure...| 0.40 2.40 0.31 
Average ........ 0.45 0.36 0.30 


Finally, in table VII are brought together all the average coef- 
ficients from the preceding tables, together with their averages, for 
each plant for the whole investigation. This second average gives 
us a coefficient that may be taken to represent each instrument 
with reference to each plant. The average of the three different 
coefficients thus obtained for each instrument is given in the last 
column of the table. The latter average may perhaps represent 
the correction to be applied to each instrument for plants in general. 
Of course the latter statement is a pure assumption, based on the 








434 BOTANICAL GAZETTE [DECEMBER 


gratuitous supposition that plants in general may be found to 
average up, in their sensitiveness to light intensity, as did the 
three which happened to be used in these tests. 


TABLE VII 

















COEFFICIENTS OF CORRECTION AVERAGE 
INSTRUMENT Speen a a ae = = 
Plant Test I | Test II | Test III | Test IV | For plant | For instr. 
(| Physal..,. ....; 1.22 1.40 eK | 1.46 1.30 ‘) 
Brown atm..... RAMU 5 arses | OsQ2 0:73] 6:07 | 2.18 | 0205 |} 0.60 
| Martyn.....| .... seater (i 1.04 | 0.98 | 1.01 iB) 
| 
( Physal...... 1.41 1.64 | 0.86 | 1.42 1.33 | ) 
Black atm..... a | POOR 5.503% 1.09 0.85 0.74 | tr. "5 0.96 | + 1.06 
( Martyn..... phar ask 0.79 | 0.96 0.88 ) 
( Physal...... I.92| 1.60] 1.22] 4.614] 1.59 ) 
White atm..... ioe. ccs ee 1.48 | 0.83 1.04] 1.63 ¥.25 |} 1.36 
DAALEVR cee] «cee aves Eri? 1.36 1.24 | \ 
| 
| | 
(| Physal Peavash Wi mat Re ba 0.56 veg 
Ce ee re @.<: ee ‘toed wces | 0066 | 0.46] 0256 | 015g 
( Martyn..... | 0.71 0.38 | 0.55 \ 
| 
( Physal...:..:. 0.52 | 0.23] 0.38 |) 
“Solio” paper.. 4 | Xanth.. 0:44 | ©.18 | 0.3F | to.33 
( Martyn..... 0.47 lo. iS | O.3% | 
| | 
( PAYS ccs| arimse] dears | 0.56] 0.47 | 0.52 1) 
Wynne paper .. ) | Xanth. . -s+. | 0.48 | 0.39 | 0.44 | ‘ees 
| Martyn. | 0.51 | 0.32 | 0.42 |) 
| | 
( Physal ..<...65 | 0.62 | 0:45 | 0.54 | ) 
Black cemented Xanth Maca Pct a a die 0.52 0.36} 0.44 |(+0.47 
VERMEER onc. acces alia 0.56 0.30 | 0.43 iB) 





Conclusions 


In the last section have been brought forward the results of an 
experimental attempt to determine what sort of corrections must 
be applied to the data furnished by the seven instruments tested, 
in order that we may obtain from these data the sun-shade ratios 
of the transpiration rates as actually exhibited by the different 
plants. Four tests, each furnishing two sun-shade ratios for each 
plant, have been carried out. In all, we have eight tests for Physalis 
and the same number for Xanthium, but only four for Martynia. 
It is safe to assume that the full sunshine for the three days of this 
inquiry was approximately the same; all tests continued through 
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about the same part of each day. It is quite obvious that in other 
regions the results might have been different, but I am convinced 
that the present data would agree fairly well with those for the 
hottest summer days in most parts of the United States. It is to 
be remembered, however, that the work was done in the arid region, 
albeit in the moist season, and that humidity has not yet been 
investigated with reference to its quantitative effect on plant 
transpiration. In the absence of a better method for describing 
weather conditions, it may be stated that the temperature varied 
within the limits 30-35° C., and the sky was not without haze, 
though clouds were rare. We have considered nothing weaker 
than strong diffuse light, that obtained under a screen of tent 
canvas. The plant stomata were probably always in the day con- 
dition throughout these experiments, and incipient wilting, if it 
occurred, was probably not generally a controlling factor in the 
transpiration rates. 

Several different shade intensities were included in the tests, 
but an inspection of the tables will convince one that the fluctua- 
tions in the correction coefficients do not appear to be related to 
any particular shade. In the following derivation of conclusions 
all tests will be considered as tentatively equivalent, and no attempt 
to weight the averages will be made. The coefficients of correction 
will be treated as the main criterion for judging of the relative 
degrees of sensitiveness of the plants and instruments toward 
variations in light intensity. 

1. Considering all coefficients (tables III, V, and VI, not the 
averages) with values between 0.90 and 1.10, inclusive, as equal 
to unity, we see that all of those greater than unity have reference 
to the porous cup atmometers. The other instruments always 
recorded greater differences between the two light intensities than 
did any of the plants. To study the distribution of the different 
forms of coefficient more in detail we may proceed to classify them 
in each of these two groups of instruments. The frequencies of 
occurrence of coefficients less than, equal to, and greater than unity, 
for the three atmometers and the three plants, are presented in table 
VIII. For example, there are six coefficients greater than one 
occurring for the brown atmometer and Physalis, only one for 
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Xanthium, and none for Martynia. The last column of the table 
gives the total number of comparisons made. 


TABLE VIII 











Instrument Plant C2 C=1 GS 2 | Total 
( i ee I I | 6 | 8 
Brown atm.... pe 3 4 | I 8 
l Martyn......... ° 4 ° | 4 
| 

Physal......... 55 2 I 5 | 8 
Black atm.... Manth....c..<5. 3 4 | I | 8 
Martyn.... hs 2 2 ° | 4 
5 ere ° ° | 8 | 8 
White atm.... ) re I 2 5 | 8 
BREN 5. «ito si ° I 3 | 4 

| 





2. From table VIII we derive the generalization that for all cups, 
under all test conditions, Physalis shows the most frequent occur- 
rence of coefficients greater than unity. Martynia shows the least 
frequent occurrence of these. Physalis, therefore, is usually more 
sensitive to light changes than the cups; the other two plants are 
generally equally sensitive or less so. 

3. For the white cup, for all plants, and under all test conditions, 
the great majority (16 out of 20) of the coefficients are greater 
than unity. This cup is generally not as sensitive to light varia- 
tions as are the plants. 

4. The brown and black atmometers agree in giving mainly 
coefficients for Physalis which are greater than unity, while for the 
other plants they are equal to or less than unity; see 2. 

Turning now to an analysis of the coefficients of the other in- 
struments, we may treat them as we have the atmometers, only 
classifying them as less than, equal to, or greater than 0.50 instead 
of 1.00. We may consider as equal to 0.50 all coefficients from 
0.40 to 0.60, inclusive. Table IX presents the classification on 
this basis. 

5. It appears from this array of figures that the integrator gives 
predominance to coefficients greater than 0.50, while the other 
instruments give them equal to or less than o. 50. 

6. “Solio”’ paper shows the strongest tendency to give coeffi- 
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cients less than 0.50, but half of those derived from this instrument 
are equal to 0.50. 


TABLE IX 





Instrument Plant C<0.50 C=0.50 | C> 0.50 Total 

( Peyeal. <...4: ° I | 3 4 

Integrator ....... Ve. aa I I 2 4 
( Martyn...... I I | 2 4 

( a. ere 2 | 2 | ° 4 

‘“‘Solio” paper... . } D3 ae 2 2 ° 4 
Martyn...... 2 2 ° 4 

( Physal. . ° 4 ° 4 

Wynne paper .... ) AOU. ..%... I 3 ° 4 
Martyn...... 2 2 ° 4 

( 2 re ° 3 I 4 

Black therm .....4| Xanth....... I 3 ° 4 
( Martyn...... 2 2 } ° 4 





7. From the Hicks integrator and the black bulb thermometer 
evidence is again presented that Physalis is more sensitive to light 
changes than either of the other plants, and it is suggested that 
Martynia may be somewhat less sensitive than Xanthium. 

From the grand averages of table VII we may derive some ap- 
proximate notion of the values to be taken, in general, as correction 
constants in the operation of these instruments. It must be borne 
in mind that the data are inadequate and the conclusions tentative 
in the extreme. 

8. Physalis appears to be about a third more sensitive than the 
two dark cups, which agree well together. Xanthium and Martynia 
appear nearly to equal these cups in sensitiveness. The average 
correction factor for all three plants is 1.075. 

9. Physalis appears to be about 60 per cent, the other two 
plants only about 25 per cent, more sensitive than the white cup. 
The average correction factor for the white cup is 1.36. 

10. All three plants are somewhat more than half as sensitive 
as the Hicks solar radio-integrator, the average correction for which 
is 0.59; see 5 above. 

11. The Wynne actinometer and the black thermometer agree 
well in showing a sensitiveness about double that of the plants, 
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more than double for Physalis and less than double for the 
others. 

12. The Clements instrument, with “solio” paper, seems to be 
generally about three times as sensitive as are these plants, some- 
what more than this for Xanthium and Martynia, somewhat less 
for Physalis. From these averages it appears more sensitive than 
by the method of frequencies; see 6 above. 

On the whole, we may conclude that the black and brown 
atmometers and the Hicks integrator have shown themselves to 
be valuable instruments for estimating the solar intensity, so far as 
transpiration is concerned. They should be suitable for the com- 
parison of light intensities in different habitats, etc., and they are 
especially to be recommended on account of their power of auto- 
matic integration, and also on account of the fact that they all give 
their results in terms of vaporization of a liquid, thus resembling 
the plant in its transpiration activity. The black bulb thermometer 
recommends itself as the best of the non-integrating devices. The 
photographic papers are not to be highly recommended as used 
in this inquiry, mainly on account of their failure to record effects 
of other than restricted wave-lengths. They may be modified so 
as to be more available, and may, possibly in their present form, 
be even more valuable than the other instruments here tested, when 
the effects of light variations on photosynthesis rather than trans- 
piration are to be determined. 

THE JoHNsS Hopkins UNIVERSITY 
BALTIMORE, Mb. 
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THE EMBRYO SAC OF EPIPACTIS' 
WiILt1Am H. BROWN AND LESTER W. SHARP 
(WITH PLATE x) 

The present study is based upon material of Epipuctis pubescens 
(Willd.) A. A. Eaton, collected at Cold Spring Harbor, N.Y., in 
August 1909. 

The archesporium is distinguishable very early as a single 
hypodermal cell which terminates an axial row surrounded by a 
single epidermal layer. As growth proceeds, the young ovule 
becomes strongly anatropous and develops two integuments, the 
outer one being continuous with the slender stalk. Since the nor- 
mal heterotypic prophases always occur in the nucleus of the 
archesporial cell preparatory to its first division, it is to be regarded 
as the megaspore mother cell, no parietals being formed. 

The subsequent course of development to the complete embryo 
sac is not identical in all ovules, the same end being reached by a 
variety of methods. The behavior in what probably represent the 
majority of cases is as follows. After becoming considerably en- 
larged, the megaspore mother cell undergoes its first division (fig. 1). 
Since the spindle lies near the micropylar end of the mother cell, 
the resulting daughter cells are very unequal in size (fig. 2). The 
larger, chalazal cell again divides unequally, forming two mega- 
spores, while in only a single case was the micropylar daughter 
cell observed in process of division (figs. 3 and 4). The innermost 
megaspore enlarges and gives rise to the embryo sac, while the 
other cells of the row soon degenerate. 

The nucleus of the functioning megaspore divides to two (fig. 
5), and very soon small vacuoles appear in the cytoplasm, mostly 
in the region between the two nuclei. Meanwhile the sac grows 
considerably, but continues to have the general shape of the mega- 
spore mother cell. As growth proceeds, the increase in volume of 
the cytoplasm fails to keep pace with that of the sac cavity, so that 

* Contribution from the Botanical Laboratory of the Johns Hopkins University 


No. 19. The account of the development of the embryo sac was written by Mr. SHARP 
and the discussion by Mr. Brown. 
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the small vacuoles in the central region coalesce to form a large 
central one (fig. 6), the cytoplasm becoming spread out as a parietal 
layer which is thickest at the ends of the sac where the radius of 
curvature is small. The two nuclei lie in these two regions. These 
nuclei soon divide simultaneously, giving rise to the four-nucleate 
sac (fig. 7). In this division and in the preceding one no traces 
of cell plates could be distinguished on the spindle fibers. After 
considerable enlargement of the embryo sac, the third division 
occurs, the two spindles formed in each end varying in position. 
Usually they lie approximately at right angies to each other; in 
such cases they may be equidistant from the end of the sac (fig. 8), 
or one may lie at 4 little distance from the other along the lateral 
wall. Cell plates appear on the fibers of all four spindles, so that 
the resulting eight nuclei are separated in the usual manner. In 
the micropylar end the transverse spindle gives rise to the two syner- 
gids, while the longitudinal one forms the egg and polar nucleus. 
In the chalazal end three antipodal cells and a polar nucleus are 
formed in an exactly similar manner (fig. 9). The egg and synergids 
increase in size, and the two polar nuclei approach each other and 
fuse (fig. 10). 

Exceptionally the two spindles in the chalazal end of the sac, 
instead of lying at right angles, come to lie more or less parallel to 
each other and usually to the longitudinal axis of the’sac (fig. 11). 
As division proceeds they may become coalesced, forming one 
large spindle instead of two ordinary ones (figs. 12-14). The con- 
clusion that such is the explanation of the large spindle shown in fig. 
12 is supported by the fact that the plate of chromosomes could be 
seen by focusing to be made up of two groups of approximately 
equal size, and that altogether their number was plainly larger 
than that in either of the micropylar spindles. The same was true 
of the corresponding spindle of fig. 13. The division of this double 
spindle may keep pace with that of the micropylar ones (fig. 12), 
or it may be delayed as shown by figs. 13 and 14. In fig. 14 the 
wall on the fibers of the chalazal spindle is only slightly younger 
than those of the micropylar ones, showing but a slight delay. 
In fig. 13 the delay has been greater, the chromosomes of the chala- 
zal spindle having very recently separated, while in the micro- 
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pylar end distinct walls and nuclear membranes are present. 
The wall which appears on the fibers of the double spindle cuts 
off one nucleus in the base of the sac, and leaves one free in the cyto- 
plasm (fig. 15). In these cases the latter nucleus apparently fuses 
with the polar nucleus from the typical micropylar group, while 
the one cut off by the wall later disorganizes (fig. 16). That sucha 
six-nucleate condition offers no hindrance to fertilization is evi- 
denced by the sac represented in fig. 16, in which a two-celled 
embryo is present. 

In fig. 11 the chalazal spindles have taken up a nearly parallel 
position, but at too !ate a stage to coalesce, since membranes are 
already present about the four nuclei. It is probable that in this 
case a continuous wall would be formed across the base of the sac, 
cutting off two nuclei and leaving two free in the cytoplasm, but 
no sac was observed in which such an end had been reached. These 
phenomena appear in most cases to be in some way associated 
with a narrow configuration of the chalazal end of the sac at this 
time, and a consequent diminution in the amount of-cytoplasm 
present there. 

In other cases the fate of the megaspore mother cell is quite 
different from that described in the foregoing account. After 
enlarging somewhat the nucleus divides, the spindle lying at about 
the center of the cell, so that the thin wall formed upon the fibers 
separates the mother cell into two nearly equal daughter cells 
(fig. 17). The wall, however, soon disappears, leaving the two 
nuclei in a single cell cavity which is to form the embryo sac. 
Between the nuclei vacuolation occurs, so that the center of the 
sac comes to be occupied by a single large vacuole, the two nuclei 
taking up positions at opposite ends of the sac, where the greater 
part of the cytoplasm lies (fig. 18). Aside from the conspicuously 
larger size of the sac and its nuclei, this stage is closely similar to 
the corresponding one of a sac derived from a single megaspore. 
It is important to note that here the epidermal layer of the nucellus 
could be seen to be everywhere in contact with the sac, degenerat- 
ing cells being clearly absent (cf. figs. 6 and 18). 

The two nuclei again divide, and delicate walls appear on the 
spindle fibers between each pair of resulting nuclei. Later both 








442 BOTANICAL GAZETTE [DECEMBER 


walls may become quite distinct (fig. 19), though they vary some- 
what in position owing to the various planes in which the spindles 
may lie. In the figure shown they are transverse to the longitudinal 
axis of the sac, so that the four nuclei have a linear arrangement. 
Usually, though not always, these walls disappear very soon. In 
the event of their complete disappearance, there results a four- 
nucleate sac like that represented in fig. 20, which is essentially the 
same as one derived from a single megaspore, but is conspicuously 
larger. That the four nuclei here shown have resulted from fewer 
divisions from the nucleus of the archesporial cell than have those 
in four-nucleate sacs derived from one megaspore seems to be 
indicated by their relatively larger size (cf. figs. 7 and 20). A 
similar condition was pointed out in connection with the two- 
nucleate stage (cf. figs. 6 and 18). 

At a stage as late as the four-nucleate sac it becomes very 
difficult to determine whether degenerating cells at the micro- 
pylar end of the sac are present or not, so that it is unsafe to depend 
too strongly upon them as a criterion, but after the examination 
of a large number of cases the present. writers hold the view that 
the four nuclei, which, on account of their origin and the appear- 
ance of walls at the mitoses which give rise to them, are megaspore 
nuclei, and that these by one further division give rise to an eight- 
nucleate sac entirely similar to one derived from a single megaspore. 

Important evidence in this connection is afforded by the wall 
formed between the two chalazal (megaspore) nuclei, which often 
shows a tendency to persist. In fig. 21 it is still visible as a remnant 
during the division to form the eight nuclei of the sac, the four 
spindles in this case showing an unusual irregularity in distribution. 
Since one of the micropylar spindles was in an adjacent section, it 
was not possible to demonstrate the presence of a wall in that end. 
In other cases the wall persists for a longer time, giving rise to the 
condition shown in fig. 22. Here it is observed separating the two 
undivided chalazal nuclei, while at the micropylar end the next 
division has taken place, cell plates being evident on the spindle 
fibers. A somewhat later stage is represented in fig. 23. The 
persistence of the wall seems to result in a delay of the nuclear 
divisions (fig. 21), or in their suppression, as shown by figs. 22 and 23. 
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The fact that in these cases the wall between the two chalazal 
nuclei is decidedly thicker than those between the micropylar 
nuclei would seem to indicate that it had been formed at the time 
of megaspore formation rather than later by a double spindle as 
described above, for in the latter case the division of the double 
spindle lags behind that of the micropylar ones. It thus appears 
that a six-nucleate sac of this type may originate by either of two 
methods. 

Should the wall formed at the first division of the megaspore 
mother cell persist until after the second division, we should have a 
development similar to that of Smilacina (MCALLISTER g), in 
which the walls separating the four megaspores break down, leav- 
ing in a single large cell the four nuclei, which then divide once to 
form an eight-nucleate sac. 

A number of two-nucleate sacs were observed with apparently 
but one degenerating cell present at the micropylar end. Further 
evidence on this point was not obtained, but these may represent 
cases in which the embryo sac is being derived from a: daughter 
cell, or, in the light of the above, from two megaspores. 

The development of embryo sacs from two or from four mega- 
spores in a plant, which also forms them from one megaspore in the 
usual manner, may be regarded as steps in the reduction of the 
number of nuclear divisions occurring between the archesporial cell 
and the formation of the egg. When four megaspores take part 
in the formation of an eight-nucleate sac, the egg is removed from 
the archesporial cell by three divisions, as is also the case in Cypri- 
pedium (PAcE 11), in which the egg nucleus is one of four formed in 
one daughter cell. Should one more division in any way be elimi- 
nated, the egg nucleus then being one of the four products of the 
reducing divisions, the gametophytic generation would be repre- 
sented by a single nucleus, and the condition would be exactly 
comparable to that of the animal egg. 

The further fate of the embryo sac, whether derived from one, 
two, or four megaspores, is apparently the same. The pollen 
tube makes its way through the micropyle into the sac, disorgan- 
izing one of the synergids, and liberates two male nuclei, one of 
which fuses with that of the egg, and the other with the product 
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of the fusion of the polar nuclei (fig. 24). The endosperm nucleus 
which results from this fusion enlarges but does not divide, and 
soon degenerates along with the antipodals (fig. 25). 

The first division of the fertilized egg is transverse (fig. 16). 
The second division is in the micropylar cell and is also transverse, 
while the third (fig. 25) separates the chalazal cell into two by a 
iongitudinal wall. These two divisions frequently occur simul- 
taneously. Intermediate stages in the development of the embryo 
were not observed, but in the mature seed, which is of the usual 
orchidaceous type, it consists of a small, oval, undifferentiated 
mass of cells with no suspensor. 


Discussion 


Owing to the definite course of development in many of the 
animal eggs, the zoologists have been able to study some of the 
factors concerned. They have found in some cases that structures 
develop independently. In others some organs do not appear if 
certain parts are wanting, while in still other cases, as the lens of 
the amphibian eye (SPEMANN 14), structures, which at one time 
probably required the presence of another organ for their develop- 
ment, have during the course of evolution come to develop inde- 
pendently. ‘ 

The factors concerned in the development of plants have been 
studied much less than in the case of animals. This is perhaps 
due to the fact that most of the plants which show determinate 
development are inclosed, during their early stages, in the tissues 
of the parent. It is well known, however, that the form of a 
plant may be greatly affected by external conditions. A striking 
case is that of Stigeoclonium, in which, according to LivincsTon (8), 
the cells develop into a palmella stage or elongated filaments 
according to the osmotic strength of the nutrient solution. HARPER 
(6) in studying Hydrodictyon concluded that the shape of the net 
was due to the shape of the parent cell, while the axis of elongation of 
the individual cells was connected with the pressure exerted by 
neighboring cells upon each other. 

In Epipactis it is not evident why the nucleus of a megaspore 
should in some cases develop into the nuclei of a whole embryo sac, 
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and in others into those of only a portion of one. This may be due, 
however, to some condition such as nutrition, which is external to 
the megaspores, and is probably not due to potentialities inherent 
in the various megaspore nuclei, for it would seem that the nucleus 
of each megaspore, if placed under proper conditions, would have 
the potentialities for producing the nuclei of a complete sac. This 
conclusion is supported by the large number of cases in which the 
development of more than one megaspore in a tetrad has been 
described (CouLTER and CHAMBERLAIN 4). Differences in the 
potentialities of the megaspore nuclei, moreover, could not explain 
the differences in development, for the course can be predicted at 
metaphase of the reducing division. Different potentialities if 
they existed would, therefore, have to be in the nuclei of the differ- 
ent megaspore mother cells; but according to present theories of 
heredity all mother-cell nuclei possess equal potentialities. The 
most reasonable conclusion would seem to be that the different 
courses of development are due. to conditions external to the nuclei, 
and that the fate of a nucleus will depend on its position. It would 
seem probable, moreover, that the conditions which determine the 
fate of a nucleus, when four megaspores combine to form a normal 
sac, must be the same as those which determine the fate of the 
nuclei of a sac formed from a single megaspore. The formation of 
a normal sac from four megaspores in Lilium (CouLtEeR and CHAm- 
BERLAIN 4), Smilacina (MCALLISTER Q), and also in the large 
number of cases in which a row of megaspores is not formed, as 
well as from the aposporous outgrowths into the cavity of the 
degenerated embryo sac of Hieracium (ROSENBERG 13), and in 
Alchemilla (MuRBECK 10) from the megaspore mother cell without 
a reduction in the number of chromosomes, would seem to in- 
dicate that the formation of a sac is not due to the nature of the 
cell from which it is produced, but that a normal sac will be formed 
from any cell subjected to the conditions under which a megaspore 
would produce one. The determining conditions in all of these 
cases, or at least most of them, are probably the same as in Epi- 
pactis, and since these conditions appear to be widely distributed 
among the angiosperms, they may have been the original cause of 
the evolution of the eight-nucleate sac. This could be true even 
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if it should be shown that some normal sacs are formed without 
the original determining condition, for cases apparently quite 
similar to this are known among animals. A striking example 
is the lens of the amphibian eye (SPEMANN 14), which in some 
species requires the presence of the optic cup for its development, 
while in others it develops even if the optic cup is removed. 

From the foregoing discussion it does not follow that the nuclei 
play a passive part in development; for the external conditions 
which influence them may in turn be due to the nuclei from 
which these have been derived, i.e., the vegetative nuclei of the 
plant; and if a nucleus were other than it is, it probably could 
not react to external conditions to produce the structures which it 
does. 

Any analysis of the conditions determining the course of devel- 
opment of the embryo sac must at present be incomplete and largely 
tentative, but a comparison of the conditions under which various 
types of sacs are formed may be worth while, as it is likely to sug- 
gest new ways of looking at their origin and development. The 
first point to be considered is the production of polarity. Before 
the megaspore mother cell divides, it has the general shape of the 
mature sac, and an enlargement of the whole nucellus without 
further change would preserve this shape. The formation of the 
megaspores in rows in most angiosperms, and the elongation of the 
nucellar cells in a direction parallel to this row would indicate that 
the elongated shape of the functional megaspore and the sac is 
connected with the direction of greatest pressure in the nucellus. 
When the nucleus of the mother cell divides, the daughter nuclei, 
as is usually the case, tend to be evenly distributed in the cyto- 
plasm. After vacuolization, a continuation of this same tendency 
would carry the nuclei to the two ends of the sac, where surface 
tension would cause the accumulation of the cytoplasm. The 
conclusion that this is the explanation of polarity is supported by 
the development of the sixteen-nucleate sacs. In Peperomia 
sintenesii (BROWN 1), where the sac would seem to be derived from 
four megaspores, the mother cell and embryo sac are both rounded, 
and there is no polarity. The same thing is true in the Penaeaceae, 
where Miss STEPHENS (15) believes that the embryo sac is derived 
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from four megaspores. In Peperomia hispidula (JOHNSON 7) and 
in Gunnera (ERNST 5) the embryo sac is rounded at the four-nucleate 
stage and there is no polarity, but as development proceeds the 
sac elongates and polarity is produced. In Sirelitzia (BROWN 3) 
there are four megaspores, each of which may germinate, but the 
three micropylar ones degenerate and the sac is always formed from 
the chalazal one. The three micropylar megaspores are not elon- 
gated and their nuclei do not show a polar arrangement. 

At the second division of the embryo sac of Epipactis the spindles 
are arranged so that the daughter nuclei are again evenly distributed 
in the cytoplasm. 

At the third division the spindles in both ends are usually 
arranged approximately at right angles to each other. This ‘is 
of course usually the case in the ends of embryo sacs and in other 
rounded masses of cytoplasm, and would seem to be the way in 
which the spindles and resulting nuclei would be most evenly dis- 
tributed. In Epipactis, however, the chalazal end is sometimes 
narrow, and in this case the two spindles lie side by side. The 
simultaneous division of the nuclei and the production of an equal 
number in each end is probably connected with the similar condi- 
tions in the two ends. The number of nuclei is very likely due to 
som: kern-plasma relation. In later stages the similarity of the 
two ends is destroyed and the nuclei take on quite different appear- 
ances. In Epipactis there is sometimes less cytoplasm in the chala- 
zal than in the micropylar end, and this is connected with a delay in 
the divisions in the chalazal end. 

STRASBURGER (16) has pointed out that the walls produced at 
the last division in a normal eight-nucleate sac are formed on the 
fibers connecting the nuclei, and that since one nucleus at each end 
is nearer the center than the other three, no wall is formed around 
it, thus leaving it free in the cytoplasm. He ascribes the fusion 
of these two polar nuclei to the fact that they have ceased develop- 
ing and are in the same cell cavity. Evidence strengthening this 
position has been constantly accumulating and, as previously 
pointed out (BRowN 1), is quite striking in the case of the sixteen- 
nucleate sacs, where all of the nuclei not cut off by walls fuse to 
form the endosperm nucleus. In Epipactis the polar nuclei are 
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produced in a variety of ways, but always fuse to form the endo- 
sperm nucleus, although this does not develop further. 

It would seem that even the final fate of the nuclei may depend 
largely on interacting conditions, for the synergids in those cases 
in which a sac is formed from four megaspores, as in the normal 
cases, are formed from the pair of nuclei arising from the transverse 
spindle. That the nuclei at this stage are equipotential is indicated 
by the occasional fertilization of one of the synergids (COULTER 
and CHAMBERLAIN 4). The structure of eggs, synergids, antipodals, 
etc., probably depends largely on the nature of the protoplasm 
of which they are constituted, and is of course widely different in 
different plants; but the part which any particular nucleus in 
Epipactis, and probably in other angiosperms, is to produce, as 
well as the general arrangement of the sac, apparently depends on 
the relation of the nucleus to other parts rather than upon any 
quality inherent in it. 

According to the above interpretation, the embryo sac in its 
early stages may be regarded as a system, all parts of which are 
equipotential, the fate of the different parts being connected with 
conditions external to them. The course of development in certain 
animal eggs is connected very largely with a stratification of the 
materials composing them, but in the early stages of many of these 
eggs a cell may develop into a whole embryo or some fraction of 
one, depending on whether or not it is separated from others. 
This dependence of the course of development of a cell on its rela- 
tion to conditions external to it, therefore, seems to be common to 
both plants and animals. 

The foregoing analysis, in so far as it goes, may be taken as 
indicating that the parts concerned act according to mechanical 
principles and do not need a vitalistic force to explain their behavior. 
This would seem to be true of any analysis which shows an orderly 
relation between an antecedent and consequent event, because for 
a thing to be mechanistic (this term being used in its widest sense) 
means simply that when the events are reduced to their simplest 
terms they take place in an orderly and predictable sequence. 
An analysis may bring to light new elemental laws of a different 
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kind from any that we know at present, but in so far as they 
are laws of an orderly sequence, they will be as good a mechanical 
explanation as any other law, for a law can only state the sequence, 
and it is outside the realm of science to explain why one event fol- 
lows another. Any vitalistic explanation must therefore be either 
outside and supplementary to science or contrary to the funda- 
mental postulate of all science, namely, that the same antecedent 
conditions are always followed by the same consequent ones. 

If we compare the development of the angiosperm embryo sac 
with that of the gymnosperms, we find in the early stages a strik- 
ing similarity between those of the gymnosperms and the sixteen- 
nucleate sacs of the angiosperms. In both cases the nuclei are 
fairly numerous, eveuly distributed in the cytoplasm, and do not 
show a polar arrangement. This similarity, however, is probably 
derived and not primitive in the case of the sixteen-nucleate sacs, 
for some of these, at least, are derived from four megaspores. There 
would appear to be in the gymnosperm embryo sac nothing similar 
to the striking polarity shown by those of most angiosperms, but 
that the same factors are at work is perhaps indicated by the 
elongated shape of the embryo sacs of many of the gymnosperms, 
as well as the tendency toward a reduction in the number of nuclei, 
and the presence of a large central vacuole. Likewise the presence 
in the early stages of the gymnosperm embryo sac of free nuclei 
surrounded by a cellular region may foreshadow the free polar 
nuclei of the angiosperms. PorscH (12), in an excellent discussion 
of the phylogeny of the angiosperm embryo sac, has attempted 
to point out a similarity between the archegonia of the gymno- 
sperms and the two polar groups in the angiosperms. When 
we remember, however, that in those gymnosperms which have 
archegonia they are initiated in a cellular phase and the polar 
groups of the angiosperms in a non-cellular one, it would seem that 
any similarity between the development, final structure, or factors 
concerned must be rather superficial. It would probably be better 
to regard the structure of the angiosperm embryo sac as the result 
of new physiological conditions which have arisen in connection 
with the reduction of its size and the number of its nuclei. 
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Summary 

1. The archesporium of Epipactis consists of a single hypodermal 
cell, which, without formation of parietals, functions as the mega- 
spore mother cell. 

2. In most cases the megaspore mother cell divides to two 
unequal daughter cells, the chalazal one again dividing to form two 
megaspores. The innermost megaspore then gives rise to the 
embryo sac. 

3. In other cases four megaspores take part in the formation of 
the sac, the walls appearing at the first two divisions of the mega- 
spore mother cell being evanescent.. At least one of these walls 
often shows a tendency to persist, which results in a six-nucléeate 
type of sac. The same appearance may also result from irregulari- 
ties in the orientation of spindles. 

4. There is some evidence that the embryo sac may at times be 
derived from two megaspores. 

5. The normal mature embryo sac contains an egg, two syner- 
gids, three evanescent antipodal cells, and two polar nuclei which 
fuse. " 

6. The usual type of “double fertilization” occurs. 

7. The fertilized egg gives rise to an embryo, which, at least in 
the seed, has no suspensor. 

8. The endosperm nucleus, formed by the fusion of one male 
nucleus with the two polar nuclei, disorganizes without dividing. 

g. The variety of methods by which the embryo sac of Epipactis 
is formed may be regarded as a series representing a reduction in 
the number of nuclear divisions occurring between the archesporial 
cell and the formation of the egg. 

10. The fate of the nuclei in the different courses of develop- 
ment is probably due to some conditions external to them rather 
than to any inherent potentialities. A normal sac would probably 
be produced by any cell subjected to the conditions under which 
a mother cell would produce one. 

11. The sac in its early stages appears to be an equipotential 
system, polarity being connected with its shape, and the part that 
the nuclei are to play with their position. 

12. The polar groups probably do not represent archegonia, 
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but the general structure of the angiosperm embryo sac may be 
indicated by some features in those of the gymnosperms. 


The writers wish to express their thanks to Professor C. B. 
DAVENPORT, director of the biological Laboratory of the Brooklyn 
Institute of Arts and Sciences, for courtesies shown them during 
their stay at Cold Spring Harbor; and to Professor D. S. JoHnson 
for helpful suggestions and criticisms during the progress of the 
work. 
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EXPLANATION OF PLATE X 


All figures were drawn with the aid of an Abbé camera lucida, and show a 
magnification of goo diameters. The following abbreviations are used: a, 
antipodals; d, daughter cell of megaspore mother cell; e, endosperm nucleus; 
m, megaspore; pt, pollen tube; s, synergid; 6’, male nucleus. 

Fic. 1.—First division in the megaspore mother cell. 

Fic. 2.—Daughter cells resulting from division of megaspore mother cell. 

Fic. 3.—Two megaspores formed by the division of thé chalazal daughter 
cell, and the undivided micropylar daughter cell. 

Fic. 4.—Micropylar daughter cell dividing; the only case observed. 

Fic. 5.—Young two-nucleate sac; spindle fibers still present; no separating 
wall; abortive megaspore and daughter cell represented by two deeply stain- 
ing masses. 

Fic. 6.—Two-nucleate sac after formation of central vacuole. 

Fic. 7.—Four-nucleate sac. 

Fic. 8.—Division to form eight nuclei. 

Fic. 9.—Eight-nucleate sac. 

Fic. 10.—Fusion or polar nuclei. 

Fic. 11.—Division to form eight nuclei; the two chalazal spindles show a 
tendency to become parallel to each other. 

Fic. 12.—Metaphase of a similar division; the two chalazal spindles 
have coalesced to fornra single large spindle. 

Fic. 13.—Later stage; the division of the coalesced chalazal spindles lagging 
behind that of the micropylar ones. 

Fic. 14.—Telophase of a similar division; wall appearing on the fibers of 
the spindie formed by coalescence. 

Fic. 15.—Wall complete; the nucleus cut off in the base of the sac beginning 
to disorganize; its sister nucleus free in the cytoplasm with the polar nucleus 
of the micropylar group. 

Fic. 16.—Sac containing two-celled proembryo, endosperm nucleus, dis- 
organized cell in base, and pollen tube. 

Fic. 17.—Nearly equal division of megaspore mother cell; wall formed on 
the spindle fibers. 

Fic. 18.—Later stage; the wall has disappeared and a central vacuole has 
formed. 

Fic. 19.—Four megaspore nuclei with evanescent walls. 

Fic. 20.—Four megaspore nuclei; the walls have disappeared. 

Fic. 21.—Four megaspore nuclei dividing to form the eight nuclei of the 
sac; megaspore wall still evident in chalazal end. 

FIG. 22.—Sac in which the chalazal megaspore wall has persisted. 

Fic. 23.—Later stage; walls in micropylar end complete. 

Fic. 24.—Double fertilization in a typical eight-nucleate sac. 

Fic. 25.—Sac containing young embryo; endosperm and antipodal nuclei, 
disorganizing. 
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THE OXYGEN MINIMUM AND THE GERMINATION OF 
XANTHIUM SEEDS 


CONTRIBUTIONS FROM THE HULL BOTANTCAL LABORATORY 152 
CHARLES ALBERT SHULL 
(WITH ONE FIGURE) 


Although delayed germination has received considerable atten- 
tion during the last few years from investigators both in America 
and Europe, not much has been accomplished toward solving the 
problems presented by this phenomenon. This may be due in 
large measure to lack of exact, or at least quantitative, methods 
of investigation, and to mental attitude which may modify the 
interpretation of results. Vitalistic interpretations of phenomena 
may at times prevent a close analysis of the physical and chemical 
phenomena which condition the manifestations of life, thus pre- 
venting the solution of the real problems. 

During the last two years the writer has been engaged in an 
investigation of the relation of oxygen pressure to the germination 
of Xanthium seeds. The need of oxygen for germination and 
growth of organs in the higher plants has been under discussion for 
some time. TAKAHASHI (27) has shown that rice can germinate 
in complete absence of free oxygen, and CRocKER (5) has shown 
the same to be true for the seeds of certain water plants, as Eich- 
hornia and Alisma Plantago-aguatica. NABOKICH (20) has experi- 
mented on the hypocotyls of Helianthus annuus, Vicia Faba, and 
Phaseolus vulgaris, and concludes that the organs of higher plants 
generally are able to grow in entire absence of oxygen. A rather 
small number of species was used from: which to draw sweeping 
conclusions. LEHMANN (18) investigated the anaerobic growth of 
the organs of higher plants, and found that there is practically 
no growth in epicotyls at 1 or 2 mm. of atmospheric pressure. In 
some instances, as with Helianthus annuus, growth of the hypocotyl 
occurred in total absence of oxygen in distilled water at a tempera- 
ture above 25°. In o.5-1 per cent sugar solution, growth occurred 
even at 20, but was slight. A number of plants, Vicia Faba, 


453] {Botanical Gazette, vol. 52 








454 BOTANICAL GAZETTE [DECEMBER 


Pisum sativum, Brassica Napus, Lupinus albus, and Cucurbita, 
failed to grow in total absence of oxygen, either in water or in sugar 
solution, at any temperature. It is evident that the organs of 
higher plants vary according to species in their need of oxygen 
for growth and germination. 

The results obtained with Xanthium seeds emphasize this vari- 
ability, as will be shown later. A preliminary report of this work 
(26) was published some time ago, since which time the work 
there outlined has been largely completed. The problem was sug- 
gested by Dr. WiLL1AM CrocKER, and has been pursued under his 
direction at the Hull Botanical Laboratory. It is a pleasure to 
acknowledge my indebtedness to him for many helpful suggestions 
during the course of the experiments, and for making during my 
absence from the University of Chicago some accurate determina- 
tions of the vapor pressure present in the apparatus under experi- 
mental conditions. 


Historical 


The literature on delayed germination has been reviewed so 
recently by others that a detailed account of the earlier work is not 
necessary here. Some of the earliest experiments were carried on by 
NosBBE (21) during the decade 1870-1880, in connection with the 
testing of agricultural seeds. A little later NoBBE and HANLEIN 
(22) tested many weed seeds, obtaining remarkable results; and 
finally HANLEIN (11) reported on a large number of seeds which he 
kept in germinative conditions for 1173 days, many of which showed 
a fraction of 1 per cent of germination, while of Phyleuma spicatum 
L. and Primula elatior Jacq. not a single seed germinated in that 
time. These investigators recognized that the testa in some cases 
excluded water and prevented germination. But when the testa 
allowed water to enter, which was not infrequent, and still no 
germination occurred, both writers refer to this phenomenon as an 
inexplicable “ Ratsel.”’ 

HANLEIN recognized another category of behavior, however, in 
which the resistance of the seed to germinative conditions is not 
external and mechanical, but is internal and protoplasmic. The 
character of the ovule, the origin, character, and age of the fertiliz- 
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ing pollen, the nutrition of the parent plant, accidents of sun and 
shade, moisture and dryness of soil, high and low altitude, weather 
conditions during ripening, the time of harvesting, and subsequent 
handling of seeds are suggested as influential factors in determining 
germination behavior. 

The germination of Xanthium seeds was first investigated by 
ARTHUR (1), who noted the dimorphic character of the two seeds 
in the bur, and found that the lower seed germinated in the spring 
after ripening, while the upper seed germinated the second year or 
later. Believing that the testa was too nearly alike in both seeds 
to cause this difference, and finding much more reducing sugar in 
the lower seed than in the upper after exposure to germinative 
conditions, he suggested that enzymes were produced in the lower 
seeds more readily than in the upper, and that the delayed nutri- 
tion of the embryo of the upper seed was the probable cause of the 
delay in germination. 

MASTERMAN (19) tested the germination of Xanthium in some 
field experiments during several years, and showed that over go 
per cent of the burs grew both seeds the same year, thus contra- 
dicting the statement of ARTHUR that the upper seed was usually 
delayed till the second year or later. MASTERMAN’S experiments 
were not critical, but the results that he and ArTHuR obtained are 
readily explained and harmonized in the light of more recent 
investigation. 

PAMMEL and Lummis (24) found that weed seeds germinated a 
much higher percentage of seeds after having been frozen than 
before. In the case of X. canadense, they found that none of the 
fresh seeds germinated during the fall, but after freezing and thaw- 
ing during the winter, over 50 per cent of them germinated. Faw- 
cETT (7) obtained similar results with many kinds of weed seeds, 
the percentage of germination being increased, and the “period of 
dormancy” shortened by freezing again and again. 

If the upper cocklebur seed is delayed till the second spring or 
later, it is because it has resisted the forces of disintegration which 
finally make possible the entry of oxygen in sufficient quantity for 
germination, or has not experienced the high temperatures which 
CrocKER has shown will cause the germination of uppers with 








456 BOTANICAL GAZETTE [DECEMBER 


coats intact. Such resistance may be the usual thing in seeds 
collected and kept at an even temperature during the first winter. 
But in nature the extremes of winter climate must often destroy the 
integrity of the coats of these seeds, thus admitting the oxygen 
necessary for growth. And even if the seed coat is intact, the high 
temperature often experienced during the spring and early summer 
is sufficient to germinate the upper seeds if they are near the surface 
of the ground, since temperatures between 30 and 35° C. cause 
germination of the uppers with coats intact. Thus it is seen that 
the results of ARTHUR and MASTERMAN may both be correct under 
proper circumstances, and the discrepancy in their results is readily 
accounted for. 

Later CROCKER (4), in testing ARTHUR’S enzyme theory, dis- 
covered that the cause of delay in the upper seed lay in the seed 
coat, which, though not excluding water, restricted the supply 
of oxygen to the embryo to such an extent that growth was tempo- 
rarily suppressed. He tested many other seeds which showed 
delayed germination and found that, contrary to the usual opinion, 
in the majority of cases the coat was responsible for the delay 
by exclusion or restriction of oxygen or water. He pointed out that 
the restriction of oxygen for the embryo by the testa gave these 
seeds an exceptionally high minimum temperature for germination, 
and that, since the seed coats of uppers and lowers differed in the 
degree of restriction, two minimum temperatures exist for each 
seed, one with the coat intact, the other with the coat removed. 
He suggested that high temperatures caused germination by hasten- 
ing the diffusion of oxygen through the seed coats; but since it is 
shown in this paper that a rise of temperature decreases the amount 
of O, demanded for growth, the question as to the influence of 
temperature on diffusion in this particular case is an open one. 

High oxygen pressures brought about germination in a short 
time, but not in the usual manner. The cotyledons elongate 
sooner than the radicle, due to the thinness of the testa at the distal 
end of the seed permitting the diffusion of oxygen more readily 
over the cotyledons. 

CROCKER (5) tested seeds of water plants also, and showed that 
in many instances the delay in germination was due to coat char- 
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acters, which exclude or restrict the supply of water, rather than 
to embryonic characters. 

At about the same time certain German investigators published 
a number of papers dealing with similar problems, which are of 
interest chiefly because of the interpretations of their results. 
CorRENS (3) found a higher percentage of germination in the disk 
seeds of Dimor photheca pluvialis than in the ray seeds. He ascribed 
the difference in percentage of germination to the different constitu- 
tion of the embryos, but CRocKER showed that in the dimorphic 
seeds of Axyris amaranthoides the non-winged seeds were delayed 
by coat characters, and that the percentage of germination did 
not differ when the coats were broken, both showing 100 per cent 
in three days. 

Ernst (6), working with seeds of Synedrella nodiflora, showed 
that light of various intensities and refrangibility affected the length 
of time necessary for germination, and he attributed not only 
percentage of germination but also the length of time necessary for 
germination to the constitution of the embryo. , 

FIscHER’s (8) paper on the influence of hydrogen and hydroxyl 
ions on seeds of aquatic plants appeared shortly before CROCKER’s 
work on the seeds of the same plants. FISCHER interpreted his 
results as showing that the ions stimulated and awakened the sup- 
posedly dormant protoplasm to activity, and thus caused germina- 
tion to occur. But as already intimated, it was shown by CROCKER 
that the protoplasm of the seeds of these aquatic plants is not 
dormant, and needs no stimulus except the necessary conditions for 
germination, which are supplied if the testa is removed or broken. 

OsTENFELD (23) found that digestive enzymes of birds favored 
’ the germination of seeds, but he refrained from ascribing the results 
to the effect of the enzyme on the embryo, saying that the question 
raised by the widely different interpretations of FIscHER and 
CROCKER was an open one. 

Following the work of ERNst mentioned above, K1nzEL (12-16) 
has shown that light is a factor in the delayed germination of many 
seeds. The data accumulated show that in some way light of 
various intensities and refrangibility modifies the seed with the 
testa intact. The interpretation in all cases ascribes the results 
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to the protoplasmic characters of the embryo, which are supposed 
to be changed so that the seed becomes more active or less active 
by exposure to light. The uses of such terms as “lichtmiide”’ 
and “dunkelhart” as applied to protoplasm gives one the charac- 
teristic viewpoint. 

Very recently GASSNER (9, 10) has studied the effect.of light 
on the germination of some South American Gramineae. His 
interpretation is in harmony with that of K1NzEL, the effect of the 
light being considered as exerted upon the embryo. 

In none of these recent investigations have the methods been 
sufficiently refined to locate with certainty the cause of the delay. 
Before the real truth in regard to the cause of delay in many of 
these instances can be ascertained, more exact and analytical 
methods of procedure must be brought to bear upon the problem. 
A careful reinvestigation of some of these cases will not only 
probably locate the causes, but also reveal the nature of the causes 
of delay. 

Materials and methods 


This investigation of the germination of the seeds of X. penn- 
sylvanicum and X. glabratum was undertaken after the discovery 
had been made that the oxygen pressure necessary for germina- 
tion with testa removed was lower than the results CROCKER 
obtained with them intact would seem to indicate, and with the 
knowledge that the seeds of some higher plants, as Alisma, Eich- 
hornia, rice, etc., could germinate in entire absence of free O,. 
Seeds were collected in various places. Those used during the 
first season were secured in vacant lots in and near Chicago during 
the spring of 1909. One lot of seeds had been collected in the 
autumn as soon as ripe, and were kept in cool dry storage during 
the succeeding winter and spring. During the second season, 
seeds were used which had been collected in Lexington, Ky., in 
November 1909, and kept in an unheated dry room until June 
1910. These seeds would all be included in Gray’s X. canadense 
Mill., but Britrron’s treatment of the genus is certainly more 
satisfactory than Gray’s, and I use the names X. pennsylvanicum 
Wallr. and X. glabratum Britton as in the Britton Manual. I 
am indebted to Dr. J. M. GREENMAN for examining the seeds and 
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permitting me to see and compare my materials with the genus 
collection of Xanthium in the Field Museum of Natural History. 
In determining the minimum oxygen pressure required for the 
initiation of protoplasmic activity, reduction of total atmosphere 
was employed. The apparatus used at first was a slightly modified 
form of that used by SCHAIBLE (25) in his experiments on the germ- 
ination and growth of various plants at reduced atmospheric 
pressures. In order to control the light, the germinators were at 















































Fic. 1.—Diagram of apparatus: a, capillary tube; b, wash bottle; c, two germina- 
tors with wet cotton, for lowers arid uppers; d, pressure gauge; e, vacuum chamber 
to secure immediate low pressure when the germinators are started; f, aspirator run 
by constant level system with a fall of 45 feet. 


first surrounded by opaque black paper; but later, when tempera- 
ture was found to be a very important factor in the result, and while 
testing the influence of temperature on the oxygen minimum, light 
and temperature were both controlled by placing the germinators 
in a water bath provided with a sensitive electric thermostat. A 
diagram of the apparatus is shown in fig. 1. 

The seeds were germinated on moist absorbent cotton, and a 
constant current of air was drawn into the apparatus through long 
pieces of capillary tubing by means of powerful aspirators. In 
order to overcome the drying effects of a low atmosphere, a dish 
of water was set in each germinator in addition to the saturated 
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absorbent cotton on which the seeds lay. This method was dis- 
carded for the temperature and pressure experiments, as a more 
satisfactory arrangement consisted in immersing the lower end of 
the capillary tube in a flask of water, thus drawing the atmosphere 
through water before it entered the germinator. This method had 
the added advantage of showing at once whether the flow of air 
through the capillary tubes was being interfered with by dust 
particles. The air was kept moist in this way, but owing to the 
very rapid exchange of gas in the apparatus, the atmosphere was 
not saturated. The water which ran the aspirators had_.a fall of 
45 feet, and was furnished through a separate constant level system 
which gave the aspirators uniform power. 

The seeds were in all cases prepared for experimentation by 
soaking them in ice water, far below the minimum temperature 
for germination, for at least 12 hours, after which the testa was 
removed carefully, without injury to the seeds. They were exposed 
to constant conditions for 10 days, and the elongation of the hypo- 
cotyl and the geotropic response was used as the criterion of 
germination. 

Temperature series at various pressures were run at 31°C., 
and the influence of fluctuating temperature was determined by 
using a fluctuation of 25-40° C. 

At the low pressures and high temperatures employed, the 
evaporation of water in the apparatus is very rapid. In determin- 
ing the actual oxygen pressures to which the seeds are subjected, . 
it is necessary to know what volume of air is drawn through the 
apparatus in a given time, and what part of the gas pressure is 
due to water vapor. The atmosphere is not saturated, for if it 
were saturated at these reduced pressures, the water vapor pressure 
alone would be much higher than the total pressure used. The 
amount of air at normal pressure entering the apparatus is 3-5 liters 
per hour, a very rapid exchange, since it means 8-12 times that 
volume per hour within the germinators due to expansion under 
diminished pressure. Under such circumstances it is not surprising 
to find that the water vapor is removed so rapidly that the satura- 
tion point is not approached. It was clearly demonstrated, how- 
ever, that water was not a limiting factor in these experiments. 
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Any increase of the aqueous vapor about the seeds was invariably 
attended by a marked decrease in the percentage of germination 
and amount of growth, due to the fact that such increase necessa- 
rily reduces the oxygen supply of the germinating seeds. In spite 
of the rapid evaporation and removal of the water, there is suf- 
ficient moisture present to bring about all the growth changes 
which the oxygen supply will permit, as was shown by repeated 
tests. 

In correcting the pressures for water vapor, the only practicable 
method is to measure directly the amount of dry air passing into the 
apparatus per hour, and the amount of water vapor drawn from it 
in the same length of time, then calculate the proportion of each 
gas in the gram molecular volume. A concrete example will make 
the method clear. At 88 mm. pressure, 30° C., the dry air drawn 
through the apparatus measured at 20° C., barometer 745 mm., is 
4.37 liters per hour. Reducing this volume to standard tempera- 
ture and pressure gives 3.9 liters. This volume is 0.178 of the 
molar volume. The amount of water vapor present with that 
amount of air drawn from the apparatus as determined by phos- 
phorus pentoxide absorption was 1.65 grams per hour; and this 
amount is readily found to be 0.086 of the molar volume. The 
dry air and water vapor together amount to 0.264 of a mole per 
hour. The pressure recorded by the manometer is 88 mm. Of 
this amount, 178/264 (59.3 mm.) is air pressure, 86/264 (28.7 mm.) 
aqueous pressure. The oxygen pressure is then readily obtained, as 
oxygen constitutes 20.93 per cent of the atmosphere. The correc- 
tions were made on the basis of the average of three determinations, 
and are therefore fairly reliable. 

To determine whether reduction of pressure per se has any 
effect on germination, hydrogen gas with a low oxygen content 
was admitted to the chambers containing the seeds. The hydro- 
gen was imported by the Linde Air Products Co., of Buffalo, N.Y., 
and was found to contain 2.34 to 4.7 per cent of oxygen. The 
gas with more than 2.5 per cent of oxygen was of little use, because 
the oxygen pressure was so high that no comparison with the 
reduced pressure experiments could be made. This hydrogen was 
under 120 atmospheres of pressure, but was controlled by high 
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pressure valves so that a small stream of gas at normal pressure 
ran constantly through the germinators. 

The gas was washed by passing it successively through potash 
bulbs containing concentrated potassium permanganate solution, 
and 33 per cent potassium hydroxide. The whole series of coils 
and jars was packed in ice for 12 hours after the hydrogen began 
to flow, and the gas was carefully analyzed by phosphorus absorp- 
tion until it was found to be coming from the apparatus with as low 
oxygen content as when taken directly from the tank, at which 
time the temperature was allowed to rise sufficiently for germina- 
tion. In this way the possibility of the initiation of germination in 
only a partially replaced atmosphere was precluded. The appara- 
tus was quickly brought to ordinary temperature, and kept con- 
stant at 21.5° C. by allowing a current of water from Lake Michigan 
to flow over and 2.ound the potash coils and germinators. Re- 
duced atmosphere 2xreriments at the same temperature were run 
at the same time, but the correction for water vapor in these series 
makes a direct comparison with the results in hydrogen impossible. 
However, comparison of these hydrogen results with other low 
pressure series run in the same way, makes it possible to draw 
trustworthy conclusions. 

Attempts were made to test the after-ripening of Xanthium 
seeds of different ages, from green to a year old, at normal and 
reduced pressures. These experiments were not extensive, and 
on the whole not very satisfactory; but the results indicate that 
only very slight changes occur. 

In all cases control cultures were employed. In measuring 
the growth of the controls, a difficulty presented itself. At full 
atmospheric pressure the roots of Xanthium seedlings penetrate 
the substratum of cotton with innumerable branches, impossible 
of disentanglement and accurate length measurement. In all these 
cases only the unbranched portion of the plant was measured. In 
all the experimental plants the total growth in length was easily 
measured and is so recorded. | 


Experiments 


As indicated above, the experiments proceeded along four lines: 
to determine the minimum oxygen pressure necessary for germina- 
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tion, and to determine the influence of temperature, pressure, and 
after-ripening on that minimum. Since the first of these determi- 
nations is that on which the others bear, that portion of the work 
will be considered immediately. 


THE MINIMUM OXYGEN PRESSURE 


The tabulated results of these experiments are given in the 
preliminary report, but for convenience they are presented here 
again, with one addition, a test with X. glabratum (all others are 
X. pennsylvanicum) at 85 mm., and with correction of the oxygen 
pressure for aqueous vapor. 

TABLE I 
DURATION OF EXPERIMENTS I0 DAYS 





PERCENTAGE GROWTH IN LENGTH OF 
Cie i ‘ GERMINATION HYPOCOTYL (MM.) 
Manom- Agu a | Atuos- OXYGEN Te = eee , = 
ETER OUS_ | PHERIC PRES- EMPERA- 

PRESSURE PRES- | PRES- SURE | TURE | | a) x) a7] 4 

(um.) | SURE | SURE | (sy) (c.) £ e £i1¢ g ¢ - 

iii (MM.) | (MM.) wae 2 = 2 3 g = Q £ 

| ° ° — ° ° ° = ° 

a Ss) >|oO/] wv S- | a] o0 
ee 16.4 | 82.6 | 17.3 19-22 |75.0\100 (45 | 95\14.5 | 30.0 | 4.9/23.3 
ee 40:3 | 74.9 1 Ie-4 21-22.6,80.0| 95 (50 |100/22.8 | 45.9 | 4.3/37.8 
85..--- 16.25) 68.75) 14.39) 21.5 56.6) 93.3'23.3)100 42.8 |103.64/10.5/94.9 
oF". | 16.14) 55.86) 11.69) 20-28 |45.0\100 |20 |10011.5 | 46.0 | 9.4/33.6 
| oe | 16.14) 55.86} 11.69} 20-22 |30.0) 95 © |100) 6.36) 28.5 | 0.022.0 
a8”. 15.27| 12.73) 2.66)21.5-24.5| 0.0}100 | oO | 95} 0.0 | 37.8 | 0.0/28.8 


* Temperature not controlled. 


The table shows at once that there is a marked difference between 
the upper and lower seeds in percentage of germination and amount 
of growth under identical conditions, this difference being the 
expression of a decided difference in the oxygen need of the two seeds 
for germination. The difference in percentage of germination at 
each pressure and temperature used is fairly constant, the lowers 
germinating about 30 per cent more seeds than the uppers in each 
experiment. The difference in the oxygen need is several milli- 
meters, the lowers requiring less oxygen than the uppers for the 
initiation of activity. The oxygen minimum for the uppers is 
approximately 12 mm., at 21° C., while the minimum for the 
lowers is about 9.5 mm. 

It is important to notice the relation which this physiological 
difference in the embryos of the two seeds bears to the difference 
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in their seed coats. CROCKER found that restriction of the oxygen 
supply by the testa was the main cause of delay in germination, and 
that difference in the degree of exclusion by the testa of upper and 
lower seed accounted for the difference in delay of the two seeds. 
But this embryonic difference, which is clearly demonstrated in the 
table, acts in conjunction with the coat differences in securing a 
longer delay in the upper than in the lower seeds. 

In comparison with the seeds and organs of other plants, the 
oxygen demand of Xanthium seeds is very high. As already 
noted, most seeds will germinate with not more than a few milli- 
meters of atmosphere, and some germinate without free O,, but 
Xanthium requires 9-12 mm. of oxygen, the equivalent of 44-60 
mm. of atmosphere. This high demand for oxygen aids in secur- 
ing delay, for if only a small fraction of a millimeter were needed 
for germination, the testas might not restrict the supply sufficiently 
to cause delay. And the difference in demand of the two seeds 
would secure a longer delay for the uppers than for the lowers, 
even if the testas did not differ in their power to exclude oxygen 
from the embryos as they do. 


TEMPERATURE AND THE OXYGEN MINIMUM 


It was found that temperature is a powerful factor in determin- 
ing the oxygen minimum, slight changes producing marked effects 
upon the results. The potent influence of temperature in this 
regard is shown clearly by the two lots of seeds of X. pennsyl- 
vanicum kept at a pressure of 72 mm. as recorded in table I. The 
variation noted in these two lots was due to one lot being subjected 
to a temperature 6° higher than the other during a part of the last 
two days of the experiment. Previous to that time, the behavior 
of the two lots of seeds had been almost identical; but 45 per cent 
of the lowers germinated in the lot which reached 28°, as compared 
with 30 per cent, the lot which did not go above 22°; and 20 per cent 
of the uppers germinated as compared with complete failure to 
germinate at the lower temperature. The amount of growth in 
each lot shows a similar relationship. 

In another instance shown in table I, two lots of seeds were 
subjected to atmospheric pressures of go and 99 mm. respectively, 
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but the latter lot was subjected to a temperature 2° lower on the 
average than the former. The results show, instead of an increase 
in percentage of germination and growth in length, as would have 
been expected from the increased supply of oxygen, a decrease of 
5 per cent in the germination of both lowers and uppers, and a 
considerable decrease in the average growth of the lowers in length. 

A number of experiments were performed with the purpose of 
determining how much effect temperature has on the location of 
the minimum. The results are presented here in tabular form. 
For the sake of comparison, one experiment at 72 mm. and room 
temperature is included at the bottom of the table, which may be 
compared with the results at 76 mm. and 31°, and with those at 
75 mm. and 25-40°. 

TABLE II 
DURATION OF EXPERIMENTS 10 DAYS 
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Se 29.1 5. “8 I |60.0\100 .3/100 |33.1 |102.0 20.15|109.0 

5-9 a ) 3 5| 1° 
ae 96:2: | 28.9°|- $2 31 |80.0,100 |10.0/100 |32.4 | 79.6,24.00| 86.6 
ee 26:9 |) 36.31 5.5 31 \66.6)100 | 0.0/100 |11.6 | 79.6) 0.00; 86.6 
| eee Varies with temp. |25-40 |93.3) 90 |56.6)100 |37.25 67.4 28.00) 70.6 
errr Varies with temp. |25-40 86.6 90 26.6|100 |32.9 | 67.4/17.25| 70.6 
7 eee 16.4 | 55.86 11.69 20-22 | 30 | 95 | 0.0\/100 | 6.36 28.5) 0.0 | 22.0 


The difference between uppers and lowers in percentage of 
germination is even more pronounced at 31° than at 21°, amount- 
ing in some instances to 60 or 70 per cent more germinations among 
the lowers than among the uppers. It appears also from table II 
that the oxygen minimum is considerably lower at 31° than at 21°, 
especially for the lower seeds. From the data here presented the 
oxygen minima have been approximated by mathematical methods. 
Since a pressure of 65 mm. germinated to per cent of the uppers, 
the oxygen minimum as calculated from the results would be about 
6.75 mm. The minimum for the lowers was not accurately deter- 
mined, but at 55 mm. atmospheric pressure, representing an O, 
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pressure of 5.5 mm., there was still 66.6 per cent of germination. 
The closest estimation possible from the data at hand would 
indicate an oxygen minimum of about 2.5-3.5 mm. for the low- 
ers at 31°. 

The lowering of the minimum is somewhat greater in the lower 
than in the upper seeds. The oxygen minimum of the uppers is 
decreased from about 12 mm. to less than 7 mm., while for the 
lowers the minimum is decreased from 9.5 to about 3 mm. All 
of these results show that with the increase of temperature there is a 
decrease in the demand for free oxygen. The probable reason for 
this will be discussed later. The physiological difference of the 
embryos of the upper and lower seeds is shown clearly by these 
experiments, the embryo characters being just as strikingly differ- 
ent as the coat characters; and both sets of characters act together 
in securing the difference in delay of the two seeds. 

Temperatures fluctuating between 25 and 4o are apparently 
no more effective in producing germination than the constant high 
temperatures employed. Since the pressure in the germinators 
remains constant while the vapor pressure fluctuates with the 
temperature, it is evident that the oxygen pressure fluctuates also, 
and that its fluctuation is inversely as the temperature, rising as the 
temperature falls, falling as the temperature rises. CROCKER 
found such fluctuating temperatures more effective in producing 
germination than constant temperature of 35° in the upper seeds 
with testas intact. The fluctuation may render the testa more 
permeable to oxygen, but in view of the effect of temperature on 
oxygen demand, the inference cannot be made with certainty. 

A peculiar result was observed in all the control experiments at 
high temperatures. At normal room temperature, -both the 
experimental seeds and the controls show less growth in the uppers 
than in the lowers; but at high temperatures, whether constant 
or fluctuating, this relation is reversed in the controls. This is 
noticed on comparison of lower and upper controls in table Il. At 
the same time, both lowers and uppers of the experimental seeds 
show less growth in a fluctuating temperature of 25—-40° than cor- 
responding lowers and uppers at constant high temperature of 31° 
and equal pressures. The first two experiments in table II, com- 
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pared with the two fluctuating experiments in the same table, 
show this to be true. The decreased growth in the fluctuating 
temperature in this case is possibly due partially to the decreased 
oxygen pressure in the germinators as the vapor pressure increases 
with the rise in temperature. 


PRESSURE AND THE OXYGEN MINIMUM 

The method employed in these experiments has been briefly 
described, and the results are recorded in table III. Parallel 
experiments at reduced pressure were run along with the hydrogen. 
tests, the germinators being kept in the same running water at a 
pressure of 85 mm. The oxygen pressure in the hydrogen and 
reduced pressure experiments would have been the same but for 
the aqueous pressure in the latter. The correction for water vapor 
reduces the O, pressure from 17.79 mm. to 14.39 mm., a large 
enough difference to make the results not directly comparable. 
The first three tests were with X. pennsylvanicum, the remainder 
with X. glabratum. , 

The first of these hydrogen tests is of little value in determin- 
ing the effect of pressure on the oxygen minimum, for the oxygen 
content was 35.25 mm., or more than double that used in any of 
the reduced atmospheres. Only a slight reduction of the growth 
is brought about, which would indicate that this amount is prob- 
ably somewhat below the optimum oxygen pressure for Xanthium. 
NABOKICH has shown that the atmosphere contains considerably 
more than the optimum oxygen supply for growth in higher 
plants. 

On comparing the results of the remaining hydrogen tests with 
those at reduced pressures, it is seen at once that there is a higher 
percentage of germination, and a greater average growth in the 
hydrogen than in the reduced atmosphere. For instance, in hydro- 
gen 96.6 per cent of the lowers, and 43.3 per cent of the uppers of 
X. pennsylvanicum germinated, as compared with 26.6 per cent of 
the lowers and 23.3 per cent of the uppers in the 85 mm. atmosphere. 
X. glabratum shows a similar behavior, 56.6 per cent of the lowers, 
and 23.3 per cent of the uppers germinating in the reduced atmos- 
phere. Is this difference due to a difference in oxygen pressure 
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alone, or does the difference in pressure as such have a part in pro- 
ducing this effect? Comparison of the results in hydrogen gas 
with those at 90 and 99 mm. in table I, which approach most nearly 
the same oxygen pressure, shows that the difference is probably 
nearly all due to difference in oxygen pressure, rather than to a 
difference in barometric pressure. It is possible that great reduc- 
tion in pressure may affect slightly the percentage of germination 
and the amount of growth. WHIELER (28) came to the conclusion 
that growth is independent of pressure; and SCHAIBLE (25) ob- 
served that reduced pressures increase the rate of growth, but that 
the influence of air pressure on germination is very slight. 

From the data of table III, as compared with the results of the 
other experiments, it appears that the oxygen minimum is prac- 
tically the same for any given temperature, whether the reduction 
is accomplished by reducing the atmospheric pressure, or by dilu- 
tion with inert gases like hydrogen. 


AFTER-RIPENING OF XANTHIUM 


Several attempts have been made to test the after-ripening of 
Xanthium seeds, with the results here briefly recorded. During 
October and November 1g10, I made a test of the germination of 
X. glabratum at normal pressure, average temperature 23° C., at 
Transylvania University. Seeds in three different stages were 
taken as follows: green seeds, so young that the testas were still 
quite white; seeds which had ripened normally on the plants in 
1910; seeds collected in the same locality in 1909. The seeds were 
prepared for germination as in all the other tests, and the integu- 
ments removed carefully. The results show that, at normal pres- 
sures at least, the protoplasm does not pass from an inactive state 
to an ultimately more active one, and that there is no after- 
ripening in that sense. The seeds averaged as follows in growth 
in length: 


Lowers Uppers 
TOTO GCC SEONS sci coker sacks 46.0 mm. 37.0 mm. 
1910 brown seeds. ........0s00050. 36.0 mm. 31.5 mm. 
1909 brown seeds... 0... ccccccccee 34.3 mm. 30.35 mm. 


One experiment with fresh seeds at reduced pressure agrees with 
these results. The seeds were kept at 99 mm. pressure, tempera- 
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ture 21.5°, December 2-11, 1909. In this case 96 per cent of the 
lowers, and 33 per cent of the uppers germinated; and the lowers 
averaged 30 mm. in length, the uppers 1omm. The controls were 
injured in some way, but all had germinated. A comparison of 
these figures with those at 90 mm. pressure, temperature 21-22.6° 
(table I), using seeds almost a year old, shows that fresh seeds have 
as high a percentage of germination and a more rapid growth than 
the old seeds under reduced pressure. 

In another experiment, however, seeds collected green in 1910 
were tested along with seeds a year old, and no germination was 
secured at 90 or 100 mm. pressure, at 21°, in either crop of seeds. 
In the controls growth was fine, and the 1910 seeds showed a better 
growth than the 1909, just as reported above for seeds germinated 
under the same conditions. 

It is possible that the after-ripening manifests itself in a change, 
either in the lowered demand of the embryo for oxygen, or in an 
increased permeability of the coats to oxygen, or in both at once, 
the change being too slight to affect the results at normal pressure. 
Some experience with these seeds in laboratory exercises in the 
Hull Botanical Laboratory lends force to this suggestion. With 
freshly ripened seeds having the testas intact, the classes fail to get 
the usual cotyledonary germination in pure oxygen atmosphere, as 
was reported by CROcKER for the upper seeds of X. canadense 
after 6 days at 21-23°; but in the winter, several months after 
ripening, these same seeds gave good cotyledonary germination in 
pure oxygen. This experience indicates either a decrease in the 
demand for oxygen by the seed, or an increase in the permeability 
of the seed coats as ripening progresses, and corroborates the 
evidence furnished by the experiments on after-ripening. 

It is clear from these experiments that there is a slow progres- 
sive deterioration of the seeds, manifested in the reduced growth 
of the seeds as they become older, which after a few years probably 
causes entire loss of power to germinate. This deterioration seems 
to be a little more rapid in the lowers than in the uppers, but the 
physiological difference of the two seeds was very evident in the 
oldest seeds, and no doubt remains so long as they will germinate 
at all. 
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Discussion 

The methods employed in much of the recent work on delayed 
germination of seeds has not been as exact as is desirable, or even 
necessary, for the solution of the problems involved in this phenome- 
non. The factors which are influential in the germination behavior 
have been investigated qualitatively only, without any attempt to 
measure them accurately and determine their relations. Moreover, 
the seed has been regarded too often as an embryo only, which may 
be affected profoundly by chemical and ethereal stimuli, the testa 
being considered as negligible on account of its thinness or on 
other insufficient grounds. In KINzeEv’s latest paper (16) he claims 
to have met all the serious criticisms made against his work, but 
in none of his experiments has he eliminated the testa as a factor. 
Recently LEHMANN (17) has shown that other stimuli than light 
can be substituted in its place and produce approximately the same 
effect. For instance, he found that the effect of 1 per cent Knop’s 
solution in the germination of the seeds of Ranunculus sceleratus 
was much the same, inducing practically the same percentage of 
germination. If such substitutions of stimuli are possible, what 
can be stated with certainty as to the cause of delay in these cases ? 
Light and the chemicals undoubtedly affect something, but it may 
as easily be the testa as the embryo that is changed. Even if the 
effect is actually produced in the embryo in these instances, the 
phenomena are not explained by saying that the protoplasm has 
been rendered “‘lichthart”’ or “‘lichtmiide,” as if it were.a sort of 
‘weariness of the flesh!’’ If there is a change in the permeability 
of the embryo, or other physical or chemical alterations in it which 
leads to activity or cessation of activity, demonstration of such 
changes would throw some light on the phenomena. 

In these Xanthium experiments the determinations have been 
made with as great exactness as possible, the accuracy lying well 
within the variability of the seeds themselves, and the work has 
been almost entirely quantitative. These methods demonstrated 
clearly the physiological difference between the embryos of the 
upper and lower seeds, although the difference is so slight as not 
to affect visibly the germination of the uppers at atmospheric pres- 
sure when the testa has been removed. This fact shows the value 
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of the quantitative method. It may reveal differences existing 
in various parts of the seed, which would otherwise remain undis- 
covered, and may in this way lead to results of the highest signifi- 
cance in the explanation of delay in germination. Often only 
quantitative measurements can detect the factors which determine 
the peculiarities of behavior. 

The oxygen pressure needed to initiate germination in Xanthium 
seeds with coats removed is considerably less than would be 
expected in view of the rapid exchange of gases which CROCKER 
found in these seeds with testas intact. However, the amount 
necessary is large in comparison with the oxygen supply needed 
by seeds of many other angiosperms. The question as to whether 
higher plants can grow in absence of oxygen has been much dis- 
cussed recently. Attention was called to the results of TAKAHASHI 
on rice, of CROCKER on Alisma and Eichhornia, of NABOKICH and 
LEHMANN on the organs of the seeds of many higher plants, in the 
introduction to this paper. NABOKICH believes that the organs 
of nearly all seeds of higher plants can grow in absence of free O,. 
Xanthium seeds would certainly have afforded him a remarkable 
exception. It is much more probable, from the data now before 
us, that the seeds of the higher plants vary largely in the amount 
of oxygen required for germination, some of them, like Alisma 
Plantago-aquatica, rice, and other seeds which grow in media 
containing little free oxygen, requiring no free oxygen whatever; 
others, like Xanthium, requiring a comparatively large amount; 
with perhaps the great majority of seeds lying somewhere between 
them in regard to oxygen need. Such seeds as water plantain 
stand at the one end of the series, and Xanthium perhaps at 
the other extreme, with all possible intergradations. The experi- 
ments which have been carried on with Xanthium show that some 
seeds require a comparatively large amount of free oxygen, thus 
making each species of seed a problem in itself. There is no one 
behavior for the seeds of all higher plants, as NABOKICH seems 
to believe. 

There are several facts which need to be considered in connec- 
tion with the apparent inconsistency between the results I have 
obtained with Xanthium seeds as to the need for oxygen when the 
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testa has been removed, and those obtained by CROCKER with the 
same kind of seeds with the testa intact. When the seeds with 
testas on are allowed to germinate normally, the hypocotyl always 
elongates first and the root is well developed before the cotyledons 
begin to grow. That is, there is a strong correlation between the 
growth of these two organs of the seed. But if the well ripened 
seeds with coats on are germinated in an atmosphere containing 
a high percentage of oxygen, the cotyledons instead of the hypo- 
cotyl initiate the development of the embryo. The strong normal 
correlation is reversed by temporary suppression of the hypocotyl, 
due probably to a more rapid diffusion of oxygen through the very 
thin distal portion of the testa surrounding the cotyledons than 
through the thick proximal portion which invests the hypocotyl. 
The cotyledons thus receive the necessary free oxygen for germina- 
tion sooner than the more sensitive hypocotyl, with the result that 
the usual course of growth in the seed is completely changed. 

This reversal of a very strong correlation probably requires 
considerably more oxygen than a normal germination. ‘Not only 
is the usual behavior overcome, but the part which grows instead 
of the hypocotyl is a much less sensitive part of the embryo, 
undoubtedly requiring more oxygen to initiate its activity. In 
animal cells food storage renders the protoplasm inert, and delays 
cell division to a very marked degree. It is possible that food 
storage in the cotyledons has a similar effect on their activity, 
requiring more energy, and therefore more oxygen, for the growth 
processes. 

Another factor probably responsible for a considerable portion 
of the gaseous exchange during germination with the seed coats 
intact is the testa itself. BrcQUEREL (2) has shown that the 
integuments of seeds produce CO, in comparatively large amounts, 
sometimes greatly exceeding the seeds from which they have been 
taken in CO, production. For instance, he found that one gram of 
Ricinus integuments exposed to light gave off 18 times more CO, 
than one gram of seeds with testas removed; that one gram of the 
testas of Vicia Faba gave off 10 times as much CO, as the same 
weight of decorticated seeds; and that one gram of the coats of 
the pea produced 25 times as much CO, as a gram of the embryos. 
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In CRocKER’s experiments the measurement of the gaseous 
exchange was mace for seeds with testas on, and therefore included 
whatever coat CO, production occurred. And, since the thickness 
of the testa over the hypocotyl practically excludes the oxygen 
from that organ, while the thinner distal portion of the coat admits 
the oxygen to the cotyledons first, thus initiating the cotyledonary 
germination mentioned above, the measurement of the gaseous 
exchange has dealt very largely with that occurring in the coty- 
ledons. In my experiments the removal of the coats eliminates 
the coat CO, production; and, since the cotyledons never grow 
under the conditions of the experiment until after the hypocotyl 
has elongated, the determination of the oxygen minimum is made 
for the hypocotyl only. There is no inconsistency, I believe, 
between the results obtained by CRocKER and those obtained in 
these experiments. Indeed, the unusually high minimum for the 
decorticated seeds agrees well with the data secured in earlier 
determinations with the coat intact, when the coat CO, produc- 
tion and the reversal of the correlation between hypocotyl and 
cotyledons are taken into consideration. 

The lowering of the oxygen minimum by increase of temperature 
is at least partially accounted for by the increase in anaerobic 
respiration as the temperature rises. On the other hand, if a 
constant free oxygen supply below the optimum is maintained 
during a rise in temperature, the growth capacity of the organism 
is increased as the temperature rises. It is known, also, that merely 
cutting off the supply of oxygen will increase the anaerobic respira- 
tion in many organisms. With the oxygen reduced-to a minimum, 
and at the high temperature employed, the conditions in these 
experiments are favorable to a considerable increase in the anaerobic 
form of respiration. As the anaerobic respiration increases, there 
is less need of the aerobic to release the energy sufficient to initiate 
growth. The question then naturally arises whether the lowering 
of the oxygen minimum by increasing the temperature really 
indicates any difference in the amount of respiration occurring. 
It is possible that the total energy release necessary for the germina- 
tion of the seed is practically the same at any given temperature, 
the variation being in the proportion of release due to aerobic 
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and anaerobic respiration. This question can be answered only 
by further investigation. 

A detailed study of the permeability of the seed coats of Yan- 
thium to oxygen and other gases and reagents will be carried on, 
with the purpose of determining whether BECQUEREL’s conclusions 
regarding the réle of dry seed coats have general applicability. 

The necessity for more exact quantitative studies of the factors 
which cause delayed germination is emphasized by this work. 
The factors which cause specific behavior of the seed are sometimes 
very minute and may escape detection entirely unless the methods 
employed in investigation are adapted to that end. The most 
refined methods of quantitative study are best suited to this 
purpose, and for a further advance with the problems of delayed 
germination it will be necessary to adopt the most exact and 
rigorous methods of analysis. 


Summary 


1. The naked embryos of the dimorphic seeds of Xanthium 
exhibit a marked difference in their demand for oxygen for germina- 
tion. 

2. The oxygen minimum for the germination of decorticated 
Xanthium seeds at 21° C. is approximately 12 mm. for the upper 
seeds, and about 9.5 mm. for the lowers. 

3. Increasing the temperature deo’ iscs the minima, a rise of 
10 from 21° lowering the necessary miniinum of oxygen from 12 mm. 
to approximately 7mm. for the uppers, and from 9.5 mm. to 
approximately 3 mm. for the lowers. 

4. Variation of the total atmospheric pressure probably does 
not influence the oxygen minimum for germination. The experi- 
ments indicate that equal partial pressures of oxygen produce 
approximately the same effect on the seeds, regardless of the total 
pressure of which it forms a part. 

5. There is very little after-ripening, or at least the after- 
ripening is not visible in an altered germination behavior at atmos- 
pheric pressure and ordinary temperatures. There is evidence either 
of a decrease in the oxygen need, or an increase in the permeability 
of the coats to oxygen, or both, as ripening progresses. 
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6. A very slow progressive deterioration of the seeds takes place, 
which after a few years causes entire loss of power to germinate. 

7. The general conclusion that the organs of the seeds of higher 
plants can grow in entire absence of free oxygen is not supported 
by the results obtained with Xanthium seeds. They cannot grow 
without comparatively large amounts of free oxygen. 

8. The oxygen pressures required for germination of Xanthium 
seeds are very much higher than those reported by LEHMANN for 
the epicotyls of such plants as Helianthus perennis, Zinnia elegans, 
and Glyceria fluitans. 

g. Since the coats cause delay by excluding oxygen, we might 
expect to find the oxygen demand for growth high. Xanthium 
seeds stand at the opposite end of the series from the seeds of certain 
aquatic plants, as water plantain and rice, in demands for oxygen 
for germination. 

10. The high oxygen demand, and the difference in this demand 
in the two seeds, act with the coats to secure delay, and a difference 
in delay, in the two seeds. But if the coat has been removed, the 
demand for oxygen by the embryo is too low to be significant in 
securing delay in germination. 
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BRIEFER ARTICLES 


A PROTOCORM OF OPHIOGLOSSUM 
(WITH ONE FIGURE) 

In October 1908, Dr. CHARLES R. BARNEs and the writer, while 
collecting bryophytes in a little known region of Mexico, botanically 
speaking, on the eastern edge of the great central plateau, about 150 
miles northeast of Mexico City, on the boundary of the states of 
Hidalgo and Puebla, found great quantities of an Ophioglossum, which 
was distributed as O. Pringlei Underwood by the late Dr. C. G. PRINGLE.? 
The plants were in such numbers and varied so much in size that some 
days were spent in a thorough exploration of the region, hop‘ng to find 
gametophytes. Of many hundred small plants, only one showed any- 
thing resembling a prothallus. After returning to Chicago, this sup- 
posed prothallus was sectioned and found to be a protocorm. 

The protocorm, buried in the soil to a depth of 5 cm., is almost 
spherical and g mm. in diameter (fig. 1), with a slightly roughened 
surface caused by the irregular collapse of dead cells of the outer cortex. 
The leaf, including the petiole, is 13.5 cm. long, and shows no trace of a 
fertile spike. The remains of the leaf traces of five other leaves are 
present, showing that the protocorm is at least seven years old. The 
growing point is sunken in a pit made by cortical upgrowth. Numerous 
rootlets are penetrating the cortex in all directions, but only three or 
four in the upper region of the corm have reached the soil, and have 
partly decayed. The outermost cells of the cortex have lost their con- 
tents and collapsed, forming a protecting layer. These empty outer cells, 
as well as those of the partly decayed rootlet., are infested with fungal 
hyphae, which, however, do not enter the living cortical cells. The cells 
of the cortex are very full of starch. 

«The specimens were submitted to Dr. J. M. GREENMAN, who has made the 
following statement in reference to them: “Upon comparison of the material in 
collections determined as O. Pringlei with known species of this genus, I am unable 
to find a single character to separate it from our northern species O. vulgatum L. So 
far as I can find, O. vulgatum never has been definitely recorded from Mexico, but we 
have it represented from different stations from Canada and Maine to Arizona, and 
it would not be unparalleled by other cases to have it turn up in Southern Mexico. 


I should be inclined, therefore, to regard these Mexican specimens as conspecific with 
O. vulgatum L.” 
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It was noticed that the plants with few exceptions were in groups of 


3-10, usually radiating from a large plant. When 
the root system of these groups was laid bare, a 
work of no little difficulty because of the depth 
of the roots and the great number of roots of 
other plants in the soil, it was found that nearly 
all of the plants of a group were connected, and 
that the smaller plants were produced by adven- 
titious budding of the roots of the larger plants. 
This method of vegetative reproduction is found 
in several species of Ophioglossum. Occasionally 
a leaf bears two fertile spikes. 

The presence of a protocorm, and a method 
of vegetative reproduction so similar to Phyl- 
loglossum, may lead the unwary, or the “arm 
chair”? botanist, to speculate concerning a pos- 
sible relationship between Ophioglossales and 
Lycopodiales. It must be borne in mind that 
the protocorm probably has no phylogenetic 
significance whatever. 

The region is one of exceptional interest to a 
botanist. The great central plateau falls sharply 
away to the low plain bordering the Gulf of 
Mexico. Rain and mist are abundant even in 
the dry season, because the clouds drift against 
the high eastern escarpment of the plateau. 
The border of the plateau is deeply dissected by 
the numerous small streams which fall over its 
edge and form box cafions, sometimes 500 meters 
deep. Because clouds continually drift up these 
cafions, their walls and floors are covered with 
dense masses of filmy ferns, liverworts, and mosses. 
On the high mesas between these cafions, but 
never in them, this Ophioglossum is most abundant. 
In the same situation Lycopodium clavatum and 
L.complanatum are alsoabundant. The species of 











Fic. 1.—Ophioglossum: 


Lycopodium and Ophioglossum are apparently patncoms Searing cele 


confined to an altitude of about 2200 meters. At 


leaf. 


the same altitude, on the bank of a stream just before it plunges over 
the wall of a box cafion, a bog of volcanic ash and sphagnum was 


found.—W. J. G. LAnp, The University of Chicago. 








CURRENT LITERATURE 


MINOR NOTICES 


Trees and shrubs.—Part III of the second volume of this work has been 
issued, and contains full and lucid descriptions of some 30 species, 25 of 
which are accompanied by carefully executed full-page illustrations, including 
detailed drawings of flowers and fruit. Nearly all of the plants considered 
are native in the South Atlantic and Gulf states, and about one-half of the 
species treated are new to science. New species are published in the following 
genera: Quercus (1), Hamamelis (1), Crataegus (3), Prunus (6), and Sambucus 
(1). The high standard of excellence, characteristic of the previous parts, is 
fully maintained in the present issue.—J. M. GREENMAN. 


Flora of Congo.—A second fascicle? of the third volume of this work has 
appeared recently, which records the results of further studies in several fami- 
lies of spermatophytes from the Gramineae to the Compositae. A number 
of species new to science are included, described, and illustrated in the same 
excellent manner as in previous fascicles of this floraia—J. M. GREENMAN. 


NOTES FOR STUDENTS 


Experiments with maize.—Several years ago BLARINGHEM published a 
monograph on his now well known experiments in the production of anomalies 
in various plants as the result of mutilation. The mutilations forced into 
development buds which ordinarily remain latent, and the branches produced 
from these buds frequently possessed characters not recognized as normal 
features of the plants operated on. In a small percentage of cases the abnor- 
malities thus brought to light were found .to be inherited to a greater or less 
degree, and the conclusion was reached that mutilation is a very general and 
easy means of provoking mutability and an important factor in the evolution 
of vegetable forms. Most of his experiments were made with maize, though 
some apparently corroboratory evidence was derived from barley (H. distichum 
and H. tetrastichum) and mustard (Sinapis alba). All of the new characters, 
abnormal or otherwise, which came to light in his experiments with maize 


* SARGENT, CHARLES SPRAGUE, Trees and shrubs. [Illustrations of new or little 
known ligneous plants, etc. 4to, pp. 117-190. pls. 151-175. Boston and New York: 
Houghton Mifflin Co. 1911. $5.00. j 

? De WitpeMan, Emme, Flore du Bas- et du Moyen Congo. Ann. Mus. Congo 
Belge. Bot. V. 3:149-316. pls. 28-49. 1910. Brussels. 

3 BLARINGHEM, L., Mutation et traumatismes. Etude sur l’évolution des formes 
végétales. pp. 248. pls. 8. Paris: Felix Alcan. 1908. 
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were discovered in the descendants of one original plant mutilated by the 
author in 1902. After that time the pedigrees were kept carefully controlled, 
either by hand-pollinations or by cultivation in isolated plots. 

The reviewer,‘ at about the time this monograph appeared, demonstrated 
the oceurrence of numerous biotypes in hybrid combination in what appeared 
to be a fairly uniform population of maize, and believes this to be the general 
situation in this species. JOHANNSENS has pointed out that the reviewer’s 
results favor a different interpretation of BLARINGHEM’Ss experiences, since the 
new types which proved to be hereditary may have appeared as the result of 
segregation of biotypes which were already present in the original plant chosen 
for mutilation, this segregation being due, not to the mutilation, but to the 
subsequent method of breeding. Grirron® has given further support to this 
interpretation of BLARINGHEM’s results, by showing that similar abnormalities 
appear when no mutilations have been practiced, and the reviewer has had 
the same experience. GRIFFON shows that the abnormalities which character- 
ized BLARINGHEM’S forms are strongly dependent upon seasonal conditions 
for their development, being much more abundant in all cultures in some seasons 
and less abundant in all in other seasons. He does not agree with BLARING- 
HEM that with respect to these abnormalities these maize families constitute 
ever-sporting varieties. It does not follow, however, that abnormalities are 
not hereditary because they are strongly affected by the environment. Hus 
and Murpock’ have shown the inheritance of fasciation in a strain of popcorn, 
the offspring of two fasciated ears giving progenies over 50 per cent of which 
produced fasciated ears, while an unfasciated ear from the same strain gave 
only 3 per cent fasciated ears. It will be understood, of course, that the strain 
from which these ears were selected was complexly hybrid, and that pure-bred 
derivatives might have shown either approximately 100 per cent fasciated 
or approximately no fasciation, under favorable conditions. There is evidence 
that the fasciation is strongly fluctuating, the two ears on a single stem being 
not infrequently one fasciated and the other normal. The significance of 
the percentage inheritance is doubtful in complex material of this kind. 

The reviewer’ has presented additional evidence of the hybrid nature 
of ordinary vigorous maize plants, and their dependence for their vigor upon 

4SHuLL, G. H., The composition of a field of maize. Report Am. Breeders’ 
Association 4: 296-301. 1908. 

5 JOHANNSEN, W., Elemente der exacten Erblichkeitslehre. pp. vi-+-516. figs. 31. 
Jena: Gustav Fischer. tg09. See p. 451. 

6 GrirFon, E., Observations et recherches expérimentales sur, la variation chez 
le mais. Bull. Soc. Bot. France 57:604-615. tg1o. 

7 Hus, H., and Murpock, A. W., Inheritance of fasciation in Zea Mays. Plant 
World 14:88-96. 1911. 

8 SHULL, G. H., Hybridization methods in corn breeding. Amer. Breeders’ Mag. 
I:98-107. IgIo. 
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this hybridity. Previous conclusions that F, hybrids between self-fertilized 
strains are on the average equal in yielding capacity, and in certain combina- 
tions much superior, to strains cross-bred in the normal manner, have been 
confirmed; also that reciprocal crosses are essentially equal. In addition it 
is shown that the yield and quality of the crop are functions of the particular 
hybrid combination, the results being the same whenever the cross is repeated. 
The F, was found no more variable than the pure self-fertilized parental strains, 
but the F, was considerably more variable, the coefficients of variability in 
number of rows on the ears in pure biotypes and in their F, hybrids being 
respectively 9.081 per cent and 9.063 per cent, while that of the F, 
was 12.63 per cent. This greater variability in the F., also noted by 
EMERSON? in respect to size of seeds and height of stalks, though the 
latter gives no coefficients, clearly demonstrates the segregation of different 
grades of such purely quantitative characters. East’ has also presented 
similar evidence of the segregation of a quantitative character (height of 
stalk) in the F,, but he makes no reference to the reviewer’s corresponding 
results published a year earlier. He gives no coefficient of variability for 
pure strains, but his coefficient for the F, was 8.68 per cent, while in the several 
F, families it ranged from 12.02 per cent to 15.75 per cent. 

The theory that the increased vigor of cross-bred maize plants is due to a 
stimulation accompanying heterozygosis requires that crossing within the 
same biotype or within the same F, shall give no advantage over self-fertiliza- 
tion in the same bigtype or in the same F;. The reviewer™ has reported on a 
number of such sib-crosses in comparison with corresponding self-fertiliza- 
tions, the advantage in favor of the crosses being so slight that they can be 
fairly accounted for by the lack of complete genotypic purity in some of the 
self-fertilized families. Crosses between sibs in ten self-fertilized families had 
an average height of 20 dm. and gave an average yield per acre of 30.17 bushels 
as compared with a height of 19.28 dm. and a yield of 29.04 bushels in the 
offspring of self-fertilized parents. In the F. those families which sprang 
from sib-crosses in the F, had an average height of 23.30 dm. as compared 
with 23.55 dm. in families produced from self-fertilized parents, and the 
corresponding yields per acre were 47.46 and 41.77 bushels respectively. 
These results show that cross-fertilization is of no (or little) advantage except 
when it brings together unlike hereditary elements. The relations of F; 
and F;, in regard to height of plants and yield per acre strikingly emphasize 
the economic importance of using hybridized seed corn. Ten F, families had 
an average height of 25 dm. and produced an average yield of 68.07 bushels, 


9 EMERSON, R. A., The inheritance of sizes and shapes in plants. Amer. Nat. 
44: 739-746. I9gIo. 

to Fast, E. M., The genotype hypothesis and hybridization. Amer. Nat. 45: 
160-174. figs. 6. Igtt. 


1 SHULL, G. H., The genotypes of maize. Amer. Nat. 45:234-252. fig. I. 1911. 
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while twenty corresponding F, families had an average height of 23.42 dm. 
and gave a yield of only 44.62 bushels per acre. 

Hayes and East” have also shown a similar relation between first and 
second generation crosses, one such cross giving 105.5 bushels per acre in F, 
and only 51.5 bushels in F,, another cross giving respectively 117.5 bushels 
per acre and 98.4 bushels per acre. These authors give a good discussion of 
the economic bearings of these results and methods of putting them to practical 
use. 

Co tins has also shown the practical value of hybridization methods in 
corn growing, reporting on the results of sixteen rather wide crosses, all but two 
of which gave higher yields than the average of the parents, and all but four 
exceeding the better parent in yielding capacity. PEARL and SURFACE,™ 
while subscribing to the correctness of the genotype idea as applied to maize, 
are of the opinion that the ordinary ear-to-the-row selection method “in a 
much cruder and less precise way, really makes use of the same principle” as 
the reviewer’s “pure-iine method,” and they advocate simply the relaxation of 
the selection aiter a few years, by which time the ‘“‘more strikingly undesirable 
genotypes will have been automatically eliminated.” This view fails to take 
account of the relatively greater vigor in the F, hybrids. East,'5 HAYEs and 
East,” and CoL.rns,” on the other hand, urge the use of the method of 
Morrow and GARDNER," as the most practical means of utilizing the greater 
vigor produced by heterozygosis, and the reviewer believes that the attitude 
of these authors is justifiable. The method of Morrow and GARDNER is 
identical with the “‘pure-line” method, except that highly developed commer- 
cial varieties are used in the place of pure self-fertilized strains. The two 
chosen parental types are grown in alternate rows in an isolated plot, and one 
variety is detasseled. The seed for the general crop is harvested from the 
detasseled row, and the process is repeated year after year, using the same 
parental varieties. 

East and Hayes” have made a most important contribution to knowledge 


™ Hayes, H. K., and East, E. M., Improvement in corn. Bull. Conn. Agr. 
Exp. Sta. pp. 21. pls. 4. 1911. 

™3 CoLtins, G. N., The value of first-generation hybridsincorn. Bull. 191, B.P.1., 
U.S. Dept. Agr. pp. 45. 1910. 

™ PEARL, R., and Surrace, F. M., Experiments in breeding sweet corn. Ann. 
Rep. Maine Agr. Exp. Sta. 1910. pp. 249-307. Bull. 183. figs. 220-233. 

ts East, E. M., The distinction between development and heredity in inbreeding. 
Amer. Nat. 43:173-181. 1909. 

6 Op. cit. 17 Op. cit. 

% Morrow, G. E., and GARDNER, F. D., Field experiments with corn 1892. 
Bull. 25, Ill. Agr. Exp. Sta. pp. 173-203. 1893. 

1% East, E. M., and Hayes, H. K., Inheritancein maize. Bull. Conn. Agr. Exp. 
Sta. pp. 137. pls. 25. Igtt. 
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of the inheritance of unit characters in maize, and have succeeded in clear- 
ing up most of the difficulties met by CorRENS and Lock, and simply by the 
expedient of applying a strictly individual analysis, instead of permitting 
pollinations from a number of individuals possessing the same characteristics. 
Only a few of the more striking results can be mentioned. There are two 
independent genes for yellow endosperm color, giving F, ratios 3:1 and 15:1. 
These are so related as respects dominance that the intensity of the yellow 
color agrees approximately with the actual number of Y genes present, i.e., 
the color is most intense in seeds having both genes homozygous, less intense 
when one gene is homozygous and the other heterozygous, still less intense when 
both are heterozygous or when either is absent and the other homozygous, etc. 
This situation results in a distribution of individuals in the form of the probable 
error curve, and is therefore superficially like that of fluctuating variations, 
from which it differs however in that the different grades are inherited. In 
another paper the senior author” makes use of these facts in extending Men- 
delian theory to include variation that is apparently continuous. In the 
purple aleurone color, East and Hayes find no less than four independent 
genes involved in different varieties, a full purple color requiring the simulta- 
neous presence of both P and C, a full red color the presence of R and C. In 
the absence of C, both P and R are capable of producing some pigment, giv- 
ing “particolored” seeds. In addition to these three genes, there was found 
in a cross between Tom Thumb pop corn and Black Mexican sweet corn, a 
factor which partiallyeor wholly inhibited the production of the purple aleurone 
color. This inhibitor or “dominant white”’ is strictly normal in its hereditary 
behavior, and its presence in some of Lock’s strains undoubtedly accounts 
for that investigator’s aberrant results. In pericarp colors the authors recog- 
nize five independent red-producing genes, R; the ordinary red of ‘“‘red”’ 
maize, R, the striped red of ‘calico corn,” R; a dirty red most abundant at 
the base of the grains and apparently completely coupled with red silks, R, and 
R, a rose red which reaches full development only on exposure to the sunlight. 
The red cob-color is a simple Mendelian dominant, independent of pericarp 
color. While starchiness is an endosperm character and shows xenia, the 
quality of the starch, whether flinty or floury, is a “plant character,” and 
affects all the grains of an ear. Crosses between flint and dent varieties show 
undoubted segregation with the flint character recessive, but there are prob- 
ably several genes involved, and the results are obscured by physiological 
correlation. Further evidence is given that size characters, such as height 
of stalk, length of ear, and size of grains, segregate normally in the F,. Several 
abnormalities are mentioned, dwarfness, striped leaves, split and furrowed 
cobs, branched ears, and hermaphrodite flowers. With exception of the last, 
these characters are thought to be inherited in Mendelian fashion, though the 








20 East, E. M., A Mendelian interpretation of variation that is apparently con- 
tinuous. Amer. Nat. 44:65-82. 1910. 
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possibility is suggested that fasciation of the ears may be a purely physiological 
effect of disturbed nutrition. 

EMERSON® reports the discovery of red aleurone color as a latent character 
in a cross between Queen’s Golden pop corn and Black Mexican sweet corn, 
though other crosses between these two varieties gave only purple aleurone. 
Crosses between a tested homozygous red-aleurone strain and White Rice 
pop corn and Evergreen sweet corn produced F,’s with only purple aleurone 
cells, thus demonstrating the presence of P as a latent character in both of 
these white varieties. Dark and light yellow endosperm colors were also 
seen to be latent as a result of a cross between the orange-colored Queen’s 
Golden and the Black Mexican with colorless endosperm. 

While not experimental, two papers by ILTIs” on abnormalities are worthy 
of mention. Both of these abnormalities are assumed to have been induced 
by the traumatic action of Ustilago Maydis. In the first the glumes of the 
female flowers were somewhat enlarged, and in place of the carpel arose a 
tubular structure 10-20 cm. long, terminated by a long pistil-like thread 20 cm. 
long. The occurrence of a ligule on this structure served to identify it as a 
phyllode, and leads the author to the conclusion that the ovary, which after- 
ward forms the seed coat, is homologous with the leaf sheath, and the style 
with the leaf blade. Within this tube, as a prolongation of the axis, grew an 
abnormal leafy branch. In the second papers the author describes abnormal 
inflorescences in which the flowers are paired, each pair consisting of a sessile 
female or hermaphrodite flower and a stalked male flower. This is an arrange- 
ment characteristic of the Andropogoneae, and the author looks upon its 
appearance in maize as a reversion. On this basis he would rank the Zeae as a 
subtribe of the Andropogoneae, in support of HACKEL and Stapr, who had 
adopted this arrangement on other grounds.—GeEo. H. SHULL. 


Lichen parasites.— ToBLER* has studied the relation of two so-called 
lichen parasites to the lichen host, to the alga on which the lichen grows, and 
to the substratum to which the lichen is attached. After the manner of think- 
ing commonly followed by European botanists, and often by American as well, 


41 EMERSON, R. A., Latent colors in corn. Ann. Rept. Amer. Breeders’ Ass. 6: 
233-237. 1910. 

22 Int1s, H., Ueber eine durch Maisbrand verursachte intracarpellare Prolifikation 
bei Zea Mays L. Sitzungsber. Akad. Wiss. Wien. Math.-naturw. Klasse 119". 
pp. 15. pls. 2. 1910. 

23 Ittis, H., Ueber einige bei Zea Mays L. beobachtete Atavismen, ihre Verur- 
sachung durch den Maisbrand, Ustilago Maydis (DC.) Corda iiber die Stellung der 
Gattung Zea im System. Zeitschr. Abst. Vererb. 5: 38-57. pls. 2. 1g1t. 

74 ToBLER, F., Zur Biologie von Flechten und Flechtenpilzen. I. Ueber die 
Beziehungen einiger Flechtenparasiten zum Substrat. Jahrb. Wiss. Bot. 49:389- 
409. pl. 3. fig. I. I9tt. 
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he considers the lichen to consist of the fungus and the alga on which it grows, 
instead of accepting the logical view, namely, that the fungus alone constitutes 
the lichen. 

Phacopsis vulpina Tul. and Karschia destructans Tobler, of the Pezizineae, 
are considered with respect to their biological relation to the lichens on which 
they grow and to the algal hosts of these lichens. Phacopsis vulpina is found 
on the thallus of Evernia vulpina (L.) Ach. in the Alps. By sectioning the 
fungus and the lichen host together in paraffin and subsequent treatment with 
iodine solution, the author was able to trace the course of the Phacopsis hyphae 
in the lichen thallus, and to prove that they reach the inclosed algal host 
cells, which they closely and often completely entwine. In places where the 
Phacopsis is best developed in the lichen thallus, the algae are entirely absent. 
In other portions of the lichen thallus the algae are surrounded singly or in 
groups by the Phacopsis hyphae, the Evernia hyphae being absent from such 
places. In other places the hyphae of both Phacopsis and Evernia are found 
entwining the algae. Thus it appears that the Phacopsis hyphae in time 
reach the algae in limited areas of the lichen thallus and gradually displace 
the hyphae of the latter. It seems that the algae multiply more rapidly for 
a time after the Phacopsis hyphae reach them, but may finally disappear 
entirely where these hyphae are most abundantly developed. When the 
Phacopsis hyphae have reached the region of the lichen thallus where the 
algae are found, the spread laterally until large portions of the Evernia cortex 
are cut off from the medulla within and finally die. The Phacopsis hyphae 
are found to penetrate into the dead cortex and into the medulla of the Evernia. 
The foreign hyphae are absent from the spermagonia of the Evernia and areas 
immediately surrounding them, but are present in the soredia, which may 
serve as portals of entry. The conclusion is reached that the Phacopsis is 
probably first a parasymbiont and later a parasite on the lichen thallus. 

Karschia destructans Tobler is described from the thallus of the lichen 
Chaenotheca chrysosephala (Turn.) Th. Fr. It was found that the Karschia 
penetrates into and through the crustose thallus of the Chaenotheca and into 
the bark upon which the lichen thalli examined grew. In growing through 
the lichen thallus, the Karschia is found to entwine and destroy algal cells 
and to displace and destroy the Jichen hyphae. This makes the Karschia a 
parasymbiont with the lichen and likewise a parasite on it. But finally, the 
Karschia hyphae penetrate into the bark, after which the fungus fructifies. 
So before the fungus produces its fruit, it becomes a saprophyte. Thus a 
parasitic, a parasymbiotic, and a saprophytic condition are found in one 
ontogeny. The author reaches the conclusion that the Karschia is for a time 
a lichen-fungus (we would say a lichen), but at other times a parasite or a 
saprophyte. Whether this fungus is a lichen is really a matter of definition; 
but whether a given plant should be called a lichen or not is of no special 
biological importance. If its relationship with the alga is accompanied by 
no morphological characters which should separate it from the genus Karschia, 
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the fungus must remain in that genus. Several other species of Karschia are 
numbered among about 400 fungi that grow on lichen thalli, and a study of 
each of these would be of special interest and value. 

The author states that his study of these two fungi proves that there can 
be no sharp separation of the many fungi known to grow on lichens into para- 
sites, parasymbionts, and saprophytes, since a single species may show all 
three conditions at various times in its life history. He thinks that further 
studies would demonstrate that most of the fungi found growing on lichens 
are not purely parasitic, but parasymbiotic and often saprophytic as well. In 
this he is probably correct, and further research along this line would add 
much to our knowledge of the biological relations of these fungi. The con- 
clusion is also reached that these studies tend to obliterate the line of 
demarkation between lichens and other fungi. This is true, but a consider- 
able number of botanists have already concluded that the biological distinction 
between lichens. and other fungi should not serve longer to maintain the 
lichens as a distinct group in any general classification of plants. 

Some other fungi growing on lichens were examined briefly, without add- 
ing materially to the important results secured in the study of the two species 
considered above.—BrucE FINK. 


Evolution of vascular structures.—In a bulky memoir of 325 pages, CHAU- 
VEAUD* expounds his view of the evolution of vascular bundles as they are 
found in different groups of plants. He finds himself in disagreement with 
the current notion of the stele as a morphological concept of first importance, 
and returns to the earlier view of a vascular bundle as the unit. With him, 
in fact, a vascular bundle is either a xylem or a phloem group, and these are 
arranged according to one of six ‘“‘dispositions”: (1) centric, corresponding 
to protostele; (2) excentric, with the xylem group more or less flattened; (3) 
alternate, represented by a root with diarch structure; (4) intermediate, as 
seen in the hypocotyl of some plants; (5) superposed, a circular row of co- 
lateral bundles; and (6) peripheral, represented by amphivasal bundles such 
as are seen in monocotyledonous stems. Thus what most writers call a pro- 
tostele is by CHAUVEAUD, as well as earlier writers, regarded as the most 
primitive condition; the alternate arrangement of xylem and phloem exhibited 
by all roots is the next main step in evolution; and from this root structure 
are to be derived the conditions seen in the stems of gymnosperms and angio- 
sperms. It will be seen that this mode of derivation lays a heavy responsi- 
bility on the hypocotyl, for this transitional region is considered to reveal the 
stages in evolution leading to the stem structure of all the higher plants. 
One must swear entire allegiance to the recapitulation theory when adopting 
this scheme, although certain difficulties appear, for instance, in connection 


2s CHAUVEAUD, G., L’appareil conducteur des plantes vasculaires et les phases 
principales de son évolution. Ann. Sci. Nat. Bot. IX. 13:113-438. figs. 218. Ig1t. 











488 BOTANICAL GAZETTE [DECEMBER 


with the origin of amphivasal bundles. To some it may appear an unneces- 
sarily round-about plan to derive a circle of collateral bundles from a proto- 
stele via the root, when direct routes have been proposed which do not violate 
the doctrine of recapitulation. Moreover, it would be interesting to see how 
the stele of Osmunda could be derived according to the new method, inasmuch 
as in ferns the evolution is said (p. 271) not to proceed further than the third 
or alternate disposition. 

The memoir is divided into three parts, in the first of which a fairly com- 
plete historical résumé is given. This is rendered'more valuable by the group- 
ing of the papers under six headings. It is to be regretted that a number of 
errors have crept into the citations. The second part is devoted to a sum- 
mary of the author’s earlier researches in this field; while the third part con- 
tains an account of his new observations, extending over a wide range of 
vascular plants, including a large number of dicotyledons, though the criti- 
cally important cases found in his group “‘vascular cryptogams”’ are repre- 
sented only by Pieris cretica.—M. A. CHRYSLER. 


Fermentation.—Experiments of HARDEN and Norris*® confirm the 
work of other investigators according to whom many yeasts which ordinarily 
do not ferment galactose acquire the property of fermenting that sugar by 
being cultivated for a time on a medium containing it. The authors further 
show that the juice from such a yeast is also capable of fermenting galactose, 
and that the addition of phosphates to the fermentation-mixture causes an 
acceleration of fermentation similar to that observed in mixtures of glucose, 
fructose, or mannose and yeast juice on the addition of phosphates. As in 
the case of these hexoses, the phosphate is in the form of an organic compound 
from which it is not precipitated by magnesium citrate mixture. Small 
quantities of sodium arsenite also accelerated fermentation. 

Regarding the constitution of the compound formed when a phosphate 
is added to a ferraenting mixture of yeast juice and a hexose, three views have 
been proposed. According to HARDEN and YOUNG it is a hexose-phosphate 
containing two phosphoric acid residues. LEBEDEW holds that the compound 
contains only one phosphoric acid residue, basing his view on the fact that the 
ozazone obtained from it has only a single phosphoric acid residue. The 
third view is that of lwANorr, who considers the compound a triose phosphate. 
In a recent paper, purely chemical in its content, but of great biological inter- 
est in so far as it clears up part of the mechanism of fermentation of sugars by 
yeast juice, YOUNG?’ presents further evidence to show that the compound is 

26 HARDEN, A., and Norris, R. V., The fermentation of galactose by yeast and 
yeast juice (Preliminary communication). Proc. Roy. Soc. London B 82:645-649. 
IQIo. ; 

27 YounG, W. J., Ueber die Zusammensetzung der durch Hefepresssaft gebildeten 
Hexosephosphorsiure. II. Biochem. Zeitschr. 32:177-188. 1g11. 
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a hexose phosphate containing two phosphoric acid residues. The evidence 
is based largely on the composition of the barium salt of the compound, and 
on the behavior of its ozazones. In the formation of the ozazone, a single 
phosphoric acid molecule is split off, while the ozazone also contains a phos- 
phoric acid residue. 

It has been known that yeasts are able to ferment a number of substances 
other than sugars. The number of such substances which undergo a kind of 
fermentation accompanied by the evolution of carbon dioxide has been greatly 
extended by NEUBERG and Tir.* The substances which are fermented in this 
way by yeasts and yeast preparations are the common plant acids which occur 
naturally in fruit juices and other substances used in alcohol production, and 
also components or products of the yeast cell, as fatty acids, glycerine, and 
lecithin.—H. HassELBRING. 


Soil productiveness indicated by natural vegetation.—The practical 
object of SHANTz’s Bulletin?? on “Natural vegetation as an indicator of the 
capabilities of land for crop production in the Great Plains area” does not 
detract from its scientific value. It is an interesting and valuable example of 
the application of exact ecological research methods, with results establishing 
reliable data relating to the natural vegetation of a given region, and its corre- 
lation with the crop-producing capabilities of the land. Detailed investiga- 
tions were made in Washington and Yuma Counties, Eastern Colorado, al- 
though a general survey included all the states of the Great Plains, a region 
containing the largest body of land of possible agricultural importance in the 
United States on which the native plant cover still exists. The methods 
included study of the vegetation with respect to the formations, dominant 
associations, and important species, and of the various determining factors with 
especial consideration of the physical conditions (temperature, rainfall, evapora- 
tion, saturation deficit, soil moisture, soil temperature, etc.). Records for 
these physical factors were made at 11 different stations-on the Great Plains, 
under direction of Briccs, and supplemented by SHANTz with many compara- 
tive observations. For purposes of comparison, the soil moisture determina- 
tions were reduced to definite standards, as moisture equivalent and non- 
available moisture (for Kubanka wheat). 

Plant migrations, invasions, effects of fire, grazing, mowing, and other 
biotic agencies are considered. [Illustrations of the root systems of significant 
species are given and their relations to the soils and in the successions are noted. 
Indicative of agricultural land are the grama-buffalo grass and the wire grass 


28 NEUBERG, C., and Tir, L., Ueber zuckerfreie Hefegirungen. II. Biochem. 
Zeitschr. 32: 323-331. IgIt. 

20 SHANTZ, H. L., Natural vegetation as an indicator of the capabilities of land for 
crop , duction in the Great Plains area. Bur. Pl. Ind. Bull. no. 201. pp. too. 
pls. 6. figs. 23. Igtt. 
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associations (both short grasses), also bunch grass and sand hills mixed (prairie 
grasses). Each of these types is characterized as to general appearance, 
floristic composition, correlated physical factors, effects of disturbing factors, 
variations from the typical association. The relationships and successions of 
the different associations are outlined, primary and secondary successions 
being recognized, though these do not appear to be fundamentally distinct. 
The remainder of the bulletin is concerned with crop production in the light 
of the data obtained, with practical suggestions as to the choice of land and to 
methods of culture—Laura GANo. 


Embryo sac of Pandanus.—In 1908, CAMPBELL published a preliminary 
note on the embryo sac of Pandanus, and in 1909 a fuller paper appeared.% 
Now a third paper has appeared,3* based upon material that shows the com- 
pleted structures of the sac. Three species are included (P. Artocarpus, P. 
odoratissimus, and P. coronatus), so that the results may be regarded as fairly 
representative of the genus. 

The primary sporogenous cell (overlaid by several layers of parietal cells) 
divides into a large inner cell and a smaller outer one, the latter dividing again. 
The embryo sac is developed by the innermost cell, which thus represents two 
megaspores. The usual divisions occur to the 4-nucleate stage (a pair of 
nuclei at each pole of the sac). The micropylar pair divides, and there is 
organized a normal egg apparatus and its attendant polar nucleus. Before 
this occurs, however, the two antipodal nuclei initiate a series of free nuclear 
divisions, accompanied later by wall-formation, until finally 64 or more antip- 
odal cells may be formed before fertilization occurs. A variable number of 
antipodal nuclei are free and fuse with the micropylar polar nucleus to form 
a single large endosperm nucleus, or two such endosperm nuclei may be formed 
by the multiple fusions. In the formation of endosperm by the usual stages of 
free nuclear division, wall-formation, and centripetal growth, the author states 
that the “endosperm nuciei diminish in size as division proceeds, and this dimi- 
nution in size is accompanied by a corresponding reduction in the number of 
chromosomes,” although no count seems to have been made. 

The excessive amount of antipodal tissue preceding fertilization certainly 
suggests that the antipodal cells are to be regarded as representing the vege- 
tative tissue of the gametophyte, and so far as this feature is concerned, it 
seems safe to assume that it is primitive. In the organization of the egg- 
apparatus, however, it is not so much a question of the number of cells in the 
sac at the time of fertilization, as the number of divisions between the mega- 
spore nucleus and the egg. In this case, since two megaspore nuclei are in- 
volved, there are just two successive divisions between a megaspore nucleus 
and the egg derived from it, instead of the usual three divisions.—J. M. C. 


3° Bot. GAz. 47:485. 1900. 


3 CAMPBELL, D. H., The embryo sac of Pandanus. Ann. Botany 25:773-780. 
pls. 59, 60. figs. 2. I9It. 
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Physiological behavior of Hypocrea rufa.—MeEpIscu? has made a physi- 
ological study dealing mainly with the factors influencing the production of 
pigment by Hypocrea rufa, and the behavior of the fungus toward ammonium 
salts, nitrates, and nitrites as sources of nitrogen. The conidia of this fungus 
are green when grown on alkaline media, while in acid media yellow conidia are 
produced. When the fungus is grown in liquid media containing only glucose, 
the pigment diffuses into the medium, while the mycelium remains colorless. 
The medium passes through shades varying from green to yellow, orange, and 
brown. Certain salts, as the chlorides of magnesium, sodium, and potassium, 
potassium chlorate, and magnesium sulphate, have a specific stimulating effect 
on the production of pigment. This stimulation is limited for all these salts 
to isotonic solutions varying from 0.05 to 0.125 gram-molecules per liter. No 
pigment is produced in the presence of ammonium salts of strong acids, owing 
to the accumulation of free acid. The pigment production is regarded as an 
oxidation process, as it takes place only in the presence of oxygen, and the 
colored solution can be decolorized by reducing substances like sodium sul- 
phite, hydrogen peroxid, and sodium hydrogen sulphide. The addition of 
an excess of calcium carbonate, infusorial earth, kaolin, and similar substances, 
decreases the intensity of color, probably as a result of absorption. The 
fungus grows with either ammonium salts, nitrates, or nitrites as a source of 
nitrogen. Nitrates are reduced to nitrites. With ammonium salts of strong 
acids, growth is soon depressed, and the formation of conidia is inhibited. As 
the fungus ha; no invertase, it cannot use cane sugar; however, in the presence 
of ammonium salts cane sugar serves a3 a source of carbon, owing to its inversion 
by the liberated acid. When nitrites are given as the source of nitrogen, 
conidia are produced only in the light, except when levulose is present. In 
that case, a few conidia are produced also in the dark. Ammonium salts are 
utilized in preference to nitrates, and ammonium salts of organic acids in 
preference to those of stronger mineral acids. Experiments to determine if 
the fungus assimilates free nitrogen did not give definite results. The paper 
contains a great number of data on the interaction of various substances in 
nutrient media in which fungi are growing.—H. HASSELBRING. 


Peroxidase and respiratory chromogens.—A number of experiments to 
test the various methods of preparing peroxidase have been performed by 
PALLADINE and [RAKLIONOFF,33 who find that the best method with tissues 
containing small quantities of proteins, as watermelon, pumpkin, etc., is to 
extract with water or 10 per cent NaCl, and precipitate the proteins with 
saturated aqueous HgCl,. The enzyme is then precipitated from the purified 
filtrate with 95 per cent alcohol. The best solvent of the precipitated enzyme 

3? Mepiscu, Marc, Beitrige zur Physiologie der Hypocrea rufa (Pers.). Jahrb. 
Wiss. Bot. 48:591-631. IgIo. 


33 PALLADINE, W., and IRAKLIONOFF, P., La peroxydase et les pigments respira- 
toires chez les plantes. Rev. Gén. Botanique 23:225-247. I9II. 
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is K,HPO,. From their experiments they further conclude that peroxidase 
occurs in some plants as enzyme, in others as zymogen, and that the quantity 
present in different plants varies considerably. The smallest quantity in any 
of the plants studied was found in Aspergillus niger and the Saccharomycetes. 
A suggestion is made in this connection which is very important if true. They 
think it probable that yeasts are capable of producing alcoholic fermentation 
even in the presence of free oxygen because they contain very little or no oxidiz- 
ing enzymes. The experimental evidence for this view is too slender as yet 
to be considered seriously; but if it proves to be true, it will clear up the 
relation of fermentation to the respiratory process. 

The quantitative distribution of peroxidase and the respiratory chromogens 
shows a direct correlation, tissues rich in peroxidase containing much of the 
chromogens, and vice versa. Moreover, the tissues of plants are found to con- 
tain substances which are conceived to “stimulate” the color reactions used 
in detecting peroxidase. The products of alcoholic fermentation, which are 
rich in oxidizable substances, are placed among these stimulators of the forma- 
tion of respiratory pigments. Finally, boiling of aqueous extracts containing 
chromogens is believed to render the formation of pigments impossible, either 
by changing profoundly the chemical nature of the chromogens, or by destroy- 
ing the substances which stimulate the formation of the respiratory pigments 
which are produced by the action of such substances as emulsine and peroxidase 
on the chromogens. Most of the conclusions and suggestions seem to rest on 
a minimum of experimental evidence—CHARLES A. SHULL. 


The flora of Newfoundland.—The report of a botanical expedition to 
Newfoundland by FERNALD* includes the mention of many additions to the 
flora of the island, which is now known to possess 783 indigenous species. 
An inquiry into their geographical origin shows that about 60 per cent are boreal, 
including 28 per cent common to southern Labrador and eastern Canada. 
An additional 3.5 per cent are Canadian types not found in Labrador. A 
surprisingly large number of species are southwestern types found also in 
Nova Scotia, New Brunswick, and coastal New England, but unknown or 
rare in Quebec and Ontario. This class contains 274 species, or 35 per cent 
of the Newfoundland flora. At present 16 endemic plants are known, com- 
prising 2 per cent of the flora. 

To explain the abundance of plants identical with those of the Atlantic 
seaboard south of Newfoundland, the writer postulates the former existence 
of a bridge formed by an elevated coastal plain, composed of siliceous soils, 
connecting the island with Cape Breton and forming an ideal highway for 
the northeastward advance of plants which thrive on such soil. This siliceous 
bridge, according to the writer, would have been highly unattractive to such 





34 FERNALD, M. L., A botanical expedition to Newfoundland and southern Labra- 
dor. Rhodora 13:109-162. Ig1I. 
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species as Adiantum pedatum, Thuja occidentalis, Lilium canadense, Calypso 
bulbosa, Lonicera canadensis, Solidago squarrosa, Aster macrophyllus, and 
many other similar plants not found in Newfoundland, and which in eastern 
Canada “scrupulously avoid the more sterile areas.””’ This explanation and 
the considerable lists of ‘“‘calciphiles”’ indicate that the writer believes the 
vegetation to respond directly to the chemical character of the substratum.— 
Gro. D. FULLER. 


, 


Root tubercles of cycads.—Three papers on root tubercles of cycads, 
recording conflicting opinions, lay emphasis upon different features of these 
rather well known structures. ZACH35 pays particular attention to the fungus 
hyphae, which branch profusely and become coiled together, after which the 
coils become digested. The fungus infests the tissues, causing the abnormal 
development, and the cell reacts by absorbing the fungus, a phenomenon which 
reminds the author of phagocytosis in animals. The relation is not symbiosis, 
but parasitism. 

HoreEJS1° comes to the conclusion that the relation is symbiosis, and that 
the alga is the only cause of the abnormalities in the roots, the fungi and bac- 
teria being merely the accompaniments of degeneration. The alga enters by 
the lenticels. 

The third paper, by Miss Spratt,37 deals entirely with the life history of 
the alga, and gives a much more detailed account than has hitherto been avail- 
able. She finds that the heterocysts are reproductive bodies, the contents of 
which break up into gonidia capable of reproducing the filament, as described 
by Branp for Nostoc. The central body is described as a simple structure, 
incapable of anything but direct division. No reference is made to the work 
of OLIVE, whose technic and figures might have been helpful. 

None of the three writers refer to the work of Lire,3* who described the 
mode of entrance of the alga and the general development of the root tubercle. 
—CHARLES J. CHAMBERLAIN. 


Cretaceous flora of Japan.—Suzuxkt has described two conifers from 
the Upper Cretaceous of Japan as new. One of them is made the basis of a 
new genus (A bdiocaulis), and is said to be nearest to Abies;among living forms; 

38 ZACH, FRANZ, Studie iiber Phagocytose in den Wurzelkndéllchen der Cycadeen. 
Oesterr. Bot. Zeit. 60: 49-55. pls. 2. 1910. 

36 HorEsJst, J., Einiges iiber die symbiontische Alga in den Wurzeln von Cycas 
revoluta. Bull. Intern. Acad. Sci. Bohéme 15: 1-10. figs. 24. Ig10. 

37 SPRATT, ETHEL Rose, Some observations on the life history of Anabaena Cyca- 
deae. Ann. Botany 25: 369-380. pl. 32. 1911. 

38 Bot. Gaz. 31:265-271. 1901. 

39 Suzuk1, Y., On the structure and affinities of two new conifers and a new fungus 
from the Upper Cretaceous of Hokkaido (Yezo). Bot. Mag. Tokyo 24:1é:-196. 
pl. 7. 1910. 
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the other is a new species of Cryptomeriopsis, the generic name suggesting the 
reputed affinity. A new fungus is also described, parasitic on the shoots of 
Cryptomeriopsis, and is referred to the Pyrenomycetes as a new genus (Pleo- 
sporites). 

Fuym*” has followed Suzuk1’s paper with a short discussion of the features 
of the cretaceous flora of Japan so far as uncovered, and especially contrast- 
ing it with the results of HoLtick and JEFFREY in the United States. He 
announces a change of opinion as to the affinities of Yezostrobus and Yezonia 
(Stopes and Fujit 1910), being convinced now that this strobilus and stem, 
whether they belong together or not, are to be associated with the araucarians. 
The discussion of the causes of extinction is preliminary and suggestive rather 
then definite, attention being called to the influence of such factors as para- 
sitic fungi, injurious gases from volcanoes, climatic changes, ‘‘inherent char- 
acters,” etc. Even the cytological situation is included, the fluctuating num- 
bers of chromosomes in angiosperms and their fixed number in gymnosperms 
suggesting a relation to the variability and hence adaptability of the former 
group, and the fixity and decadence of the latter group.—J. M. C. 


An ecologist’s garden.—A botanical garden of a new type, situated on 
Mount Aigoual, a peak cf the Cevennes, and due largely to the foresight 
and energy of Professor FLAHAULT, has recently been described by SKENE.‘* 
The situation seems almost ideal for the study of many ecological problems, 
as it lies between the Atlantic and Mediterranean basins, with an elevation 
that permits the mesophytic vegetation of the former to thrive within a few 
miles of the xerophytic plants of the latter region. The presence and proximity 
of calcareous, siliceous, and granitic soils add to the value of the region for 
experimental purposes. In addition to the garden proper (800 feet below the 
summit), there is a plot at the very top of the mountain, and a bog which forms 
the source of a stream. 

Since the founding of the garden (known as “L’Hort de Dieu’’) in 1903, 
a laboratory capable of sheltering a dozen people has been erected, and several 
thousand seedling trees and shrubs have been planted. Trees from all parts 
of the earth are being grown, in order to find those most suitable for forestry 
purposes in southern France, and to solve such ecological problems as the 
factors which limit tree species at certain altitudes. Not only the garden but 
the entire mountain is being made one gigantic ecological experimental plot.— 
Geo. D. FULLER. 


Leaves of Calamites.—Tuomas* has undertaken an investigation of the 
leaves of certain species of Calamites, to obtain from their structure indications 

4° Fuji, K., Some remarks on the cretaceous fossil flora and the causes of extinc- 
tion. Bot. Mag. Tokyo 24:197-220. 1910. 

4* SKENE, MaAcGrEGOR, An ecologist’s garden. New Phytol. 10:64-68. 1911. 


# THomas, H. HAMsHAw, On the leaves of Calamites (CALAMOCLADUS section). 
Phil. Trans. Roy. Soc. London B 202:51-92. pis. 3-5. 1911. 
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of their environment. In short, it is a study of the ecological anatomy of 
fossil leaves. The leaves of Calamites are mostly known as impressions, and 
Tuomas has referred the structures he has been able to obtain to the better 
known impression forms. The petrified materiai used was obtained from the 
Lower Coal-measures (Halifax Hard Bed), and five types of leaf were distin- 
guished. The twigs bearing the leaves proved to be quite interesting in stelar 
structure, especially in its relation to that of young stems of Equisetum. 

The ecological conclusion is as follows: “The leafy twigs seem to have 
grown in a pendulous fashion, and the structure of the mesophyll and epidermis 
suggests that the habitat was a damp one. On the other hand, the leaves 
possess some xeromorphic features, such as the presence of fibers in the longer 
forms. The evidence points to a marsh or swamp forest as their habitat; 
this may have been near the sea, but if so the soil probably contained little 
salt.”—J. M. C. 


Transpiration in salt marsh plants.—Transpiration rates of cut shoots of 
Salicornia annua and Suaeda maritima have been found by DELF* to be equal 
to or greater than those from equal surface areas of such mesophtyes as Vicia 
Faba. The highest degree of succulence seemed to be accompanied by the 
highest transpiration rate per unit area. Relating transpiration to evaporation 
from a water surface, unit areas of Salicornia lost 32 per cent and of Vicia 
26 per cent as much water as equal areas of water surface. It was shown that 
Salicornia is able to absorb water readily through the surface of its stems when 
submerged, and less convincingly that it does not absorb sufficiently through 
its root system to replace the loss by transpiration except in a humid atmos- 
phere. This seems the more surprising, since TRANSEAU“ has shown evapora- 
tion to be exceptionally high in salt marshes. The stomata in Salicornia 
and Aster trifolium appear to have distinct powers of movement in young 
plants early in the season, losing this plasticity at a later date—Geo. D. 
FULLER. 


Cytology of the ascus.—An account of the cytology of Helvella crispa Fries 
is given by Miss CARRUTHERS.4S The cells of the hypothecium are one to 
several-nucleate, and some of the nuclei were observed to fuse in pairs, but no 
migration was observed like that in Humaria. An attempt was made to deter- 
mine the number of chromosomes on the spindles in the vegetative hyphae. 
Apparently two chromosomes are present in the vegetative spindles, and four 
or eight on the spindles in the fertile hyphae, but owing to the minuteness of 
the objects not much importance can be attached to these observations. The 
43 DEtr, E. Marion, Transpiration and behavior of stomata in halophytes. Ann. 
Botany 25:484-505. IgIl. 

44 Bot. GAZ. 45:217-231. 1908. 

45 CARRUTHERS, D., Contributions to the cytology of Helvella crispa Fries. Ann. 
Botany 25:243-252. pls. 2. 1911. 
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divisions in the ascus follow the same routine as described by Miss FRASER 
in Humaria rutilans. The first mitosis is heterotypic, the second homotypic, 
and the third brachymeiotic, leading to a reduction without division in the 
last mitosis. The spores are formed by the astral rays in the manner described 
by HarPer for Pyronema.—H. HASSELBRING. 


A parasitic orchid.—According to the investigation of KusANo,* the vege- 
tative body of the orchid Castrodia elata consists of a tuberous rhizome which 
multiplies through the production of tuberous offshoots. If these offshoots 
form no mycorhiza, they decrease in size and finally die without being able to 
flower, but if infected by the mycelium of Armillaria mellea they enlarge, 
flower, and produce daughter tubercles; it is therefore concluded that the 
orchid is completely parasitic upon the fungus. The mycorhiza is of the ecto- 
tropic type; occasionally, however, the fungus behaves as a parasite, pene- 
trating deeply into the tissue of the tubers and causing their collapse in a 
manner similar to that seen in potato tubers attacked by the same organism.— 
Gro. D. FULLER. 


Budding in Cycas.—While in Japan, Miss Stopes‘? noted the origin of the 
well known adventitious buds of Cycas revoluta. They arise on the upper 
portions of old leaf bases, some appearing more than 200 crowns back of the 
growing point. None were found arising from the axis, and the young 
buds do not seem to have any connection with the axis. The buds 
when removed grow.into normal plants, but when they develop strongly 
upon the parent plant they give rise to the so-called “branching,” and in such 
cases, of course, vascular connections are established with the main axis.— 
CHARLES J. CHAMBERLAIN. 








4© Kusano, S., Preliminary note on Gastrodia elata and its mycorhiza. Ann. 
Botany 25:521-523. IgII. 

47 Stopes, Marte C., Adventitious budding and branching in Cycas revoluta. 
New Phytol. 9: 234-241. figs. 7. 1910. 
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Focke, W. O., work of 408 

Fomes, subendothejus 407; surinamensis 
407 

Fossil plants 158 

Fraser, H. C. I., work of 242 

Fries, Rob. E., work of 316, 408 

Frye, T. C., work of 328 

Fuertesia 163 

Fujii, K., work of 494 

Fuller, Geo. D. 80, 159, 193, 236, 247, 
248, 321, 325, 328, 405, 416, 492, 494, 
495, 496 
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Fungi, new species of 408; Russian 163; 

Texas 161 
G 

Gametophyte, Pseudolarix 416 

Gano, Laura 404, 489 

Garden, an ecologist’s 494 

Gardner, F. D., work of 483 

Garjeane, A. J. M., work of 320 

Gates, R. R., work of 69 

Geddes, Patrick, work of 234 

Geilingere, G., work of 415 

Geophila pleuropoda 50 

Gerardia racemulosa 162 

Germination, of Xanthium seeds and 
oxygen minimum 453 

Gerth van Wijk, H. L., ‘‘ Dictionary of 
plant names”’ 406 

Ginkgo, chromosomes of 328 

Gleason, H. A. 246, 415 

Green, J. Reynolds, work of 235 

Greene, E. L., work of 408 

Greenman, J. M., 160, 161, 406, 480 

Gregory, R. P., work of 317 

Grevillius, A. Y. von, work of 237 

Griffiths, D., work of 161 

Griffon, E., work of 481 

Grigna mountains 415 

Godronia Betheli 163 

Guilliermond, M. A., work of 242 

Gymnosporangium Kernianum 407 


H 


Hague, Stella M. 34 

Hall, J. G., and Stevens, F. L., ‘‘Dis- 
eases of economic plants” 155 

Halorrhagaceae 162 

Harden, A., work of 488 

Harms, Dr., work of 408 

Harper, R. A., work of 324, 408 

Harshberger, J. W., work of 325 

Harter, L. L., work of 408 

Hasselbring, H. 75, 155, 239, 245, 246, 
316, 320, 413, 488, 491, 496 

Hassler, E., work of 161, 408 

Hauya lemnophila 48; lucida 48; 
crocerata 46; quercetorum 47; 
ruacophila 47 

Hayes, H. K., work of 413, 483 

Heald, F. D., work of 161 

Hedges, Florence, work of 239, 408 

Heilbronn, Alfred, work of 166 

Helgoland, temperate plants in 246 

Heller, A. A., work of 161 

Helotinum 408 

Hemenway, Ansel F. 153 

Hemsley, H. B., work of 407 

Hepaticae in Scotland 327 








500 INDEX TO VOLUME LII 


Herbst, P., work of 238 

Heredity, in oats 318; theories of 323 

Heterochromosomes 323 

Heydrich, F., work of 408 

Hill, F. G., work of 79 

Home University Library 234 

Homolepis 407 

Honcamp, Fr., work of 246 

Honing, J. A., work of 72 

Horesjsi, J., work of 493 

Houard, C., work of 410 

Howe, R. H., Jr., work of 409 

Huron River Valley, botanical survey of 
105 

Hus, H., work of 481 

Hybridization, in ferns 166 

Hymenosicyos, 407 

Hyophilopsis 407 

Hypericum tapetoides 266 

Hypocrea rufa, physiological behavior of 


491 
Hypocreaceae, South American 163 


I 


Idaho, new plants from 261 

llitis, H., work of 485 

Imbedding medium, for brittle or woody 
tissue 232 

Inheritance in Digitalis 78 

Inocybe 409 

Iowa, peat bogs in 248, 

Iraklionoff, P., work of 491 

Irrigators 57 

Ishikawa, M., work of 326, 328 


J 


Japan, Cretaceous flora of 493 

Jassonius, H. H., “Mikrographie des 
Holzes der auf Java’’ 67 

Javenese woods, micrography of 67 

Johannsen, W., work of 481 

Jones, W. N., work of 78 

Judd, John W., work of 234 


K 


Keeble, F., work of 78, 234, 318 
Kerner, work of 411 

Kerr, A. F. G., work of 161 
Kieffer, von, work of 238 
Knight, L. I., work of 327 
Kuckuck, P., work of 246 
Kiikenthal, G., 409 

Kusano, S., work of 496 

Kiister, Ernst, work of 273 
Kuwada, Yoshinari, work of 322 


L 


Laboratory air 327 
Lachnea scutellata, ascocarp of 275 


[DECEMBER 


Laciniaria scariosa 409 

Land, W. J. G. 391, 478 

Layering among conifers 369 

Leaf-fall 80 

Leaves of Calamites 494 

Lechmere, A. F., work of 240 

Lee, E., work of 80 

Leeuwen-Reijnvaan, J. and W. Docters 
von, work of 237 

Lehman, Ernst, work of 243 

Lepeschkin, W. W., work of 248 

Lewis, F. J., work of 325 

Lewitski, G., work of 168 

Lichen parasites 485 

Light intensity and transpiration 417 

Lilium, sperm nuclei of 165 

Lipsky, W., work of 162 

Lisianthus meianthus 51; quichensis 51 

Lithospermum lanceolatum 272; ruderale 
lanceolatum 272 

Liverworts, fungi in rhizoids of 320 

Livingston, B. E., 417 

Loasa Plumeri 163 

Loheria 162 

Lundegard, Henrik, work of 323 

Lunell, J., work of 409 

Lupinus 161; apodotropis 161; sabulosus 
161 

Lychnis, reversible sex-mutants in 329 


M 


MacDougal, D. T. 249 

McFadden, M. E., work of 162 

Macbride, T. H., work of 162 

Mackensen, B., work of 409 

Macvicar, Symers M., work of 327 

Madronella parvifolia 272; purpurea 271 

Maire, René, work of 240, 242, 413, 414 

Maize, experiments in 480 

Mamillaria Sartorii 409 

Maryland, plant life of 404 

Maslen, A. J., work of 326 

Massee, George, ‘‘ Diseases of cultivated 
plants and trees” 155 

Mayepea 409 

Medisch, Marc, work of 491 

Memora 407 

Mendelism 235 

Merrill, F. D., work of 162 

Merritt, M. L., work of 162 

Merrittia 162 

Mesoxylon, structure of 326 

Mexico, mosses of 161 

Meyer, Arthur, work of 168 

Michigan peat bogs 105 

Mikayi, Kiichi, work of 416 

Milbraed, J., work of 408 

Mitochondria 168 

Mitosis in Spinacia 319 

Modilewski, J., work of 164, 165 
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Modry, Artur, work of 411 
Molliardia 415 
Monardella parvifolia 272; purpurea 271 
Morrow, G. E., work of 483 
Moss, C. E., work of 321 
Mosses, Bolivian 163; Mexican 161; of 
Panama 163 
Mottier, D. M., work of 324 
Murdock, A. W., work of 481 
Murrill, W. A., work of 162, 409 
Myxotheca 408 
N 
Nabokich, A. J., work of 243 
Nasturtium hispidum 264; palustre 264; 
terrestre 264 
Natiirlichen Pflanzenfamilien 406 
Navesink Highlands, vegetation of 325 
Nawaschin, Sergius, work of 165 
Neljubow, D., work of 327 
Nelson, Aven 261 
Neuberg, C., work of 489 
Newbigin, Marion I., work of 234 
Newfoundland, flora of 492 
New Zealand, algae of 407; plants 159 
Nidularia, morphology of 316 
Nienburg, Wilhelm, work of 247 
Nieuwland, J. A., work of 247, 409 
Nilsson-Ehle, H., work of 318 
Nockamixon Rocks, vegetation of 325 
Norris, R. V., work of 488 
North American Flora 160 
Norton, J. B. S., work of 238 
Nuclei, syndiploid 248 
O 
Oats, inhibiting factor in 318 
Oenothera, genetic studies in 68 
Ohio, cedar bog in 416 
Oligochaetophora 410 
Oliptrichum 163 
Oliver, F. O., work of 411 
Omphalia 409 
Onagra Macbridee 269; ornata 268 
Ophioglossum palmatum, fertile spike of 
t§1; protocorm cf 478 
Opsianthes gaurioides 267 
Opuntia 161, 409 
Orchid, a new 409; parasitic 496; Philip- 
pine, 406; South American 162 
Osborn, T. G. B., work of 414 
Osterhout, G. E., work of 162 
Overholts, L. O., work of 409 
Overton, J. B. 242 
Oxygen, and germination of Xanthium 
seeds 453 


Palladine, W., work of 491 
Palmer, Edward 61 
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Pammel, L. H., work of 248 

Panama mosses 163 

Pandanus, embryo sac of 328, 490 

Paniceae 407 

Panicum 409 

Paraguay, Leguminosae and Convolvu- 
laceae of 408; plants of 161 

Parasitism, analysis of 249 

Parthenogenesis in Taraxacum 167 

Pascher, A., work of 409 

Patch, Edith M., work of 238 

Pathology 155 

Pearl, R., work of 483 

Peat bogs. of Iowa 248; 
105; plant remains in 325 

Pellaea, apogamy in 400 

Pellew, Miss C., work of 78, 318 

Penicillium, Coremia formation by 245 

Pennell, F. W., work of 162 

Pentstemon Macbridei 272; perpulcher 
273; Woodsii 274 

Permeability 79 

Peroxidase and chromogens 491 

Petals, fall of 320 

Petersen, H. E., work of 239 

Petrak, F., work of 409 

Petrollinia 407 

Pfeiffer, Norma E. 166 

Pflanzenstoffe 67 

Phacelia luteopurpurea 271 

Phaeostoma elegans 267; parviflora 267; 
rhomboidea 267; xanthiana 267 

Philippine Caricoideae 409; ferns 161; 
orchids 406; Piperaceae 161; plants 
161; Sympetalae 162; Urticaceae 162, 


of Michigan 


409 
Phlox aculeata 270 
Photosynthesis in water plants 241 
Phycomycetes 239 
Phyllocactus Eichlamii 163 
Physostegia, embzyo sac of 218 
Phytomyxaceae 413 
Phytopathology, a new journal 158 
Pierce, Newton B., work of 157 
Piper, Bolivian 407 
Piperaceae, Philippine 151 
Pittosporopsis 162 
Pityoxylon, a cretaceous 327 
Plant and animal breeding 233 
Plant succession and evaporation 193 
Plastid, origin of 168 
Pollen, banana 167 
Polygonums, amphibious 247 
Polypodium prolongilobum 161 
Polyporaceae 407, 409 
Polytaenium quadriseriatum 407 
Potato, after-ripening of 306 
Potentilla trina 265 
Primula, hereditary factors in 317 
Pritchard, F. J. 169 
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Proteolytic enzyme of Drosera 326 

Prothallia, water cultures of 166 

Protocorm of Ophioglossum 478 

Protoplasm, structure of 248 

Prunus geniculata 408; padifolia 265 

Puccinia graminis, yearly origin and dis- 
semination of 169 

Punnett, R. C., “ Mendelism” 235 

Purpus, J. A., work of 409 

Pseudolarix, gametophytes and embryo 
of 416 


R 


Ray, John, work of 248 

Rees, Bertha 327 

Renner, O., work of 323 

Reproduction, symposium on 324 

Reviews: Apgar’s ‘“Ornamental Shrubs” 
405; Arber’s “Plant life in alpine 
Switzerland” 326; Briquet’s ‘Flore 
Corse”? 67; Cockayne’s “New Zea- 
land plants”? 159; Coupin’s “Album 
générale des Cryptogames” 406; 
Davenport’s ‘Domesticated animals 
and plants” 233; DeWildeman’s 
“Flore du Congo” 480; Engler and 
Drude’s “Vegetation der Erde” 402; 
Gerth van Wijk’s “Dictionary of 
plant names” 406; Jassonius’ ‘‘ Mikro- 
graphie des Holzes der auf Java”’ 67; 
Massee’s “Diseases of cultivated plants 
and trees’ 155; Punnett’s “Mendel- 
ism” 235; Sargent’s “Trees and 
shrubs” 480; Schneider’s ‘‘ Handbuch 
der Laubholzkunde” 160; Seward’s 
“Fossil plants” 158; Shreve, Chrysler, 
Blodgett, and Besley’s “‘Plant life of 
Maryland” 404; Stevens and Hall’s 
“Diseases of economic plants” 155; 
Urban’s “‘Symbolae Antillanae” 160; 
Wehmer’s “‘Planzenstoffe” 67; Wett- 
stein’s ‘‘Handbuch” 405 

Rhinotrichum 163 

Rhodosticta 163 

Rhytisiphon 407 

Rice, cytology of 322 

Robinson, B. L. 67 

Robinson, C. B., work of 162, 409 

Root tuberctes.of cycads 493 

Roripa, palustris 263; palustris 264; 
terrestris 264; terrestris globosa 
264; terrestris hispida 264 

Rose, J. N., work of 160 

Rose, R. C., work of 327 

Rosenstock, E., work of 162 

Rubus 407, 408 

Rusby, H. H., work of 4c9 

Russian fungi 163 

Rydberg, P. A., work of 162 
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Safford, W. E. 61 

Sandbergia 408 

Santaloides 162 

Sarcoma and crown gall 324 

Sarga 408 

Sargent, C. S., ‘Trees and shrubs’”’ 480 

Saunders, Miss E. R., work of 78 

Scalia, C., work of 412 

Schellenberg, G., work of 162 

Schindler, A.K., work of 162 

Schkorbatow, L., work of 167 

Schlechter, R., work of 162, 409 

Schmaltzia pubescens 162 

Schneider, C. K., “‘Handbuch der Laub- 
holzkunde”’ 160 

Schenella 162 

Schroeder, H., work of 79 

Scirpus Longii 161 

Scotland, Hepaticae of 327 

Scott, D. H., work of 234 

Scutachne, 407 

Seaver, F. J., work of 162 

Seeds, germination of Xanthium and 
oxygen minimum 453; longevity of 


328 
Setchell, W. A., work of 162 
Seward, A. C., ‘‘Fossil plants” 158 
Sex, determination of 73 
Sex-mutants, reversible in Lychnis dioica 


320 

Sexuality of Ascomycetes 298 

Shantz, H. L., work of 489 

Sharp, Lester W. 218, 439 

Shibata, K., work of 244 

Shreve, Forrest, ‘‘Plant life of Mary- 
land”’ 404 

Shull, C. A. 325, 326, 453, 491 

Shull, Geo. H. 68, 78, 233, 235, 318, 329 
480; work of 481, 482 

Siam, flora of 162 

Sicydium Tuerckheimii 49 

Simarubopsis 408 

Skene, Macgregor, work of 494 

Small, J. K., work of 160 

Smith, A. M., work of 241 

Smith, E. F., work of 75, 157, 238, 324, 
412 

Smith, John Donnell 45 

Smith, Ralph E., work of 157 

Smith, R. Wilson 209 

Smut spores, feed containing 246 

Soil productiveness and natural vegeta- 
tion 489 

Solanum purulense 52 

South America, ferns of 161; 
creaceae of 163; orchids of 162 

Sphaeralcea rivularis diversa 266 

Sphaeropsis tumefaciens 408 


Hypo- 
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Sphaerostigma implexa 267 

Spinacia, mitosis in 319 

Spiraéa idahoensis 264 

Spore wall, structure of 244 

Spratt, Ethel R., work of 493 

Squamolithon 499 

Standley, P. C., work of 409 

Stanleya rara 262 

Starr, Anna M. 77 

Steil, W. N. 400 

Steiner J., work of 499 

Stephanarossia 407 

Sterigmatocystis 408 

Stevens, F. L., and Hall, J. G., ‘‘ Dis- 
eases of economic plants” 155 

Stilbochalara 408 

Stopes, Marie C., work of 496 

Strasburger, Eduard, work of 73, 163, 248 

Stomps, Theo. J., work of 319 

Substratum, and vegetation 1 

Sumstine, D. R., work of 163 

Surface, F. M., work of 483 

Susuki, Y., work of 493 

Symbolae Antillanae 160 

Sympetalae, of Amazon 407; Philippine 


162 
T 


Tabernaemontana Deanii 50 

Tahara, Masato, work of 323 

Taraxacum, parthenogenesis in 167 

Temperature, and vegetation 1 

Texas, fungi of 161 

Theissen, F., work of 163 

Thelypodium milleflorum 263 

Thermopsis xylorhiza 265 

Thom, C., work of 245 

Thomas, H. H.. work of 494 

Thomson, J. A., work of 234 

Thouinia brachbotrya 45 

Thyrococcum humicola 161 

Tidestrom, L., work of 163 

Tilden, Josephine E., work of 407 

Tir, L., work of 489 

Tischler, G., work of 167 

Tison, Adrien, work of 240, 413, 414 

Tobler, F., work of 485 

Torenia 407 

Townsend, C. O., work of 75, 238 

Transeau, Edgar N. 54 

Transpiration, apparatus for study 54; 
and light intensity 417; physics 322; 
in salt marsh plants 495 
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Tropic responses 322 

Trotter, A., work of 237, 238, 412 
Tubercularia Fici 408 

Twining 247 

Tzellemtinia 407 


U 


Units of vegetation 321 
Urban, I., ‘‘Symbolae Antillanae’ 
work of 163 
Urticaceae, Philippine 409 
V 
Vacuole, origin of 167 
Valota 407 
Vascular structure, evolution of 487 


Viola 161 
Vittarieae 407 


’ 


160, 


W 


Wachter, W., work of 245 
Wehmer, C., “Pflanzenstoffe” 67 
Weidel, F., work of 236 

Weight droppers 56 

Weingart, W., work of 163 
Welsford, E. J., work of 242 
West, G. S., work of 410 

West Indian Florideae 407 
Wettstein, R. v., ““Handbuch” 405 
White, Jean, work of 326, 408 
Williams, R. S., work of 163 
Wilson, Percy, work of 160 
Winge, O., work of 408 
Wissadula indivisa 408 

Wolf, F. A., work of 151 

Wolf, Th., work of 162 

Wood, B., work of 408 
Woronichin, N. N., work of 163 
Wullschleger, W. A. 63 


Y 
Yasui, Kono, work of 416 
Young, W. J. 226; work of 488 
Z 
Zach, Franz, work of 493 
Zamia, adult trunk of 81 


Zeijlstra, H. H., work of 72 
Zimmermann, H., work of 246 
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1 Clean, Dustless Floors 


aré esseutial to the health uf the children under 


“your Care. + 


-. Dust is the greatest carrier and distributor of disease 
germs known, and the constant stir in schoolrooms is apt 
to keep dust circulating in the air in dangerous quantities. 


Standard: Ficer Dressing is the only effective remedy 
for the dust evil: |: 


Standard Floor Dressing holds down all dust and germs 

-as soon as they settle’on the floor. It prevents their further 

circulation in the air, and removes one e of the most frequent 
causes of contagion. 


Standard Floor Dressing: also presitives the: floors and keeps 
them from splintering and ye It reduces the © 
labor and: cost of Cheonitieh thus pays for itself 
many times over. 


Write for free book 

let on dnst Maine m 

‘and how to avoid € p Bef Ea EE : 
diate ‘ hie: “ioe “Not intended for household use. 


ir ot pate a ah Standard Con peepee 


nega i} Suceger Ge 











[e's Baker's | | Hygiene Heating 
tive a wore of fhe te 68d hs 


water- 
| filled ‘and # little Platt’s Chio 
Made by a - , With steam. heat; hot water 


perfect me- hme om teh 3 Wet i aataeatce 


It’s . Delicious 


chanical be Lept over of under the Beating 


} 
| 
process 
from high 
2 ; gtade cocoa 
| Bl beans, sci- 
7h) |W | pentifically 
‘blended, ‘it 
: is of the 
fin Lest quality fall strength and 
fr al ried pure and healthful. 


1 WS °b.,1/4 Ihy B/S Ib, and 116. 
cans, net weight. 


Booklet of Choise Recipes Sent Free 
LTER BAKER & CO, LTD. 


DORCHESTER, MASS. 
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e- THE SOAP 


E THAT TAKES THE PAI 


FOR TOILET AND BA’ 
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